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Istaidnika
The tea** of science in elementary schools, secondary schools

sod oollegos is serried on for three basic rumors;

1. To prepare scholars in the several disciplines of science's

2. To provide the beekgroued smelted of individuals entering

tesbaologisal oseupations or professions as electronics,

engineering, nodielne, etc.

3. To provide a background in salience as a part of the swarsl

education of the Individual for effective citisenebip.

The esacern of this study is with science for effective citisenm

sbiplebieb has been referred to as scientific literacy b bailey

(1937), "shake (1960), Carlota. (1963), Clas (1930), Ivens (1962),

lard (19Se), Jahoson (1962), Eusck (1960), Wordy (MS), Shams

(1963), WA (1M), %swam (1960), Weaver (1962), Melia (1963),

and isemy' ethers*



3.

To determine the referents included in the literature pertaining

to scientific literacy.

bfikimiLlio

To determine the opinions of a sample of representative of

industry, science news writers, educators and representatives of

the military commies what knowledge in and of science is important

to their respective businesses and/or professions and for effective

citisemship.

lat ALM.

To determine through the analysis of samples of doily and Sunday

newspapers emd popular magosimest

1. The number of articles that were scientifically and/or

technologically oriented.

2. The nature of the themes of the scientifically and/or

technologically oriented articles.

3. The distribution of the articles flowndsimma a classification

of science and/or technology is imposed.

4. The number of articles that involwe science and/or technology

that have one or more social implications.

S. The mature of the social implications incladed in articles

that imvolvo science and/or technology.

The knowledge in and of science prerequisite to the reading

of the selected articles.

TriorVATIKAIWIttt
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To determine the referents included in the literature pertaining

to scientific literacy.

Procedurp.

Step I.. Selection of documents for analysis.

The Reader's Guide to Periodical Literature and The Educational

Index from 1946.1964, were systematically scorched for titles coup

corned with:

1. Scientific literacy.

2. Science end/or technology and the citialn.

3. Relationships or interrelationships of science and/or tech-

biology and society and social problems.

4. Relationship of science and technology.

3. Science and/or technology and culture.

6. 'Relationship between scientists and monscientiets.

7. Science and the public domain.

S. Science and general education.

9. The scientific and/or technological revolution.

S. The following Journals from 1930.1964 were systematically searched

for relevant titles.

1, American journal of Physics

2. Physics Today

'3. Science

Beiestifickwaricarn

S. Tke bulletin of the Atomic Scientists

6. The Science Tischer



5.

C The card catalog of the Memorial Library of the University

of Wisconsin was systematically searched for relevant titles.

D. Consultations were held with selected scholars from the

Department of Botany, Zoology, Chemistry, Physics, History of

Science, Sociology, History, and Education at the University of

Wisconsin.

E. Consultation* were held with two newspaper Science*Editore

P. The bibliographic references cited in each of the documents

analyzed were searched for relevant titles.

Step II. Analysis of the documents.

Each document was carefully studied in terms of the following

questions«

A. What does the author mean by scientific literacy, science

for the citizen, science for general education, etc.?

B. Does the author indicate referents to scientific literacy?

If so, what are the referents?

C. Does the author discuss scientific and/or technological

needs of citizens? If so, what are these indicated needs?

The data in terms of referents were tabulated according to content

and source.

With the completion of the analysis of 66 documents it was

found that the referents were being repeated ind no new referents

were appearing. The analysis of an additional 34 documents failed

to reveal now referents.

a
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7.

The six referents emerged as a consequence of pla,Ang together

those statements from the 100 documents with associated meanings.

The illustrations that follow are typical statements or meanings

found in the documents analyzed;

Science and k.lcietY: Statements typical of the concern for science

and society are:

1. Science and technology are the chief internal sources of

change in our society.

2. Science and technology are causing a fundamental revolution

to occur in the structure of our society.

3. CiOxens must be aware of what science is and what it is

not, what its strengths and values are, and where its limitations lie.

4. Social consequences of scientific knowledge are great and

cannot be predicted in advance.

5. With evances in science and technology in such areas as

automation come the social and economic problems of employment re-

structuring.

6. Development of new scientific knowledge is necessary to c

sound and vigorous economy.

7. Productivity in our society is becoming increasingly depen-

dent on science.

8. The American public ultimately governs the support of science

and the use of its achievements.

9. Communication between the scientific community and the public

is essential if the voting public and the national leaders are to make

wise decisions.



S.

10. Most important social and political problems are related to

*cisme and technology.

11. Our prevent world is powered by science. c

12. Understanding science and technology is necessary for wise

participation in a democracy.

13. Science and technology interact directly with our society,

14. Science in our society im dependent upon the value placed

upon critical rationality throughout society.

15. Behind technological and social innovations tiesthe primary

source, science itself,

16. Science does not have its social consequences at a distance,

in some kind of a social vacuum, but rather interacts with the rest

of society to produce these consequences.

17. Science is the most powerful means devised by the mind of

an for ,Irriving at truth in respect to the world of matter and energy

and indee4 also the realm of mind and behavior. Science is the great

force in human life making for change in ways of living through in..

creased power to alter and control the environment-, Science is the

greatest liberating liberalising force in human thought. It is obvious

that in the modern world the strength of a nation, whether in war or in

peace resides in its science. The future solutions of the most critical

problems of society the problems of uncontrolled population increase

god insufficient food and water, sources of energy and supplies of

raw materials, and the imperative task of mobilisation skills lie

in the applications of science.
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10. The purpose of scientific education is to (1) help laymen

adjust to the technological devices which surround their daily lives,

(2) create an informed public capable of taking an intelligent part

in those decisions of our society which involve science and scientific

activity.

This referenithus has several dimensions as: science is the

root of social change, society controls science through control of

resources, the intelligent control and direction of science in a

democracy depends upon an informed public, scienca interacts with

society to produce social change with ox without technological change,

science has done much to liberate man fsczkbondaga due to superstition

and associated beliefs, science and technology have created social

problems never before faced by a society, science and technology are

key elements for future social development, science and technology

have limitations, end the lay public must come to understand the

scientist and his ways.

The building of a better interrelationship between science and

society leads to five elements that need recognition and study:

(1) perceptions of man's relationship to nature, (2) the meaning of

science as presently interpreted by formalised education, (3) the

interrelationship between science and scientists and social policy

makers, (4) the effect of a political culture on the activities of

scientists, and (5) the continued concern for current knowledge by

the adult population.



REFERENCES: MIME AND SOCIETY

American Association for the Advance-
ment of Science (1960)

Ashby, Sir Eric (1960)
Auger, Dr. Pierre (1949)
Bailey, H. 8. (1957)
Barber, Bernard (1952)
Barber, Bernard and Walter Hirsch (1962)
Baum, Werner A. (1962)
Behnke, John (1960)
Bolton, Laetitia (1958)
Caldwell, Lynton (1964)
Clem, Grlie M. (1950)
Cohen, I.. (1952)
Conant, J.. (1946)
Carleton, Robert (ed.) (1963)
Davis, J. B. (1964)
De Jouvenel, Bertrand (1963)
DuBridge, Lee (1964)
Dupree, A. Hunter (1961)
Evans, Hubert (1962)
Freilich, Florence G. (1965)
Glass, Bentley (1959)
Hildebrand, Joel H. (1955)
Hoagland, H. (1959)
Holton, Gerald (1963)
Hurd, Paul DOH. (1958)
Killian, Jr., J. R. (1959)
Kirk, Russell (1963)

Polykarp (1960)
LeCorbeiller, Wolfenden,a41. (1963)
Lonsdale, Kathleen (1958)
Mathewson, James H. (1962)
Mathewson, J. 84 (1963)
McCurdy, Richard C. (1958)
Mead, Margaret (1959) .

Moore, W. I. and Leon N. Henderson (1957)
Muller, H. J. (1959)
Nagel, Ernest (1959)
Nemsan, James R. WO (1953)
Palmer, Richard (1947)
Pauling, Linus (1951)
Pierce, J. R. (1954)
Polyani, M. (1957)
Potter, Van Rensseloar (1964)
Prior, Moody 16 (1962)
Rabl, I. I. (1956)
Rapoport, Anatol (1950)
Remmers, H. H. and D. H. Radler (1958)
Rostrand, Jesm (1960)

10.

Rotblat, Joseph (1962)
Fussell, tartrand (1960)
Ryder, Edward J. (1960)
Schrodinger, Irwin (1952)
Seaborg, G. T. (1962)
Seitz, Frederick (1958)
Snow, C. P. (1964)
Stratton, J. A. (1956)
Tatars, Walter T. (1964)
Mawr, J. (1960)
Waterman, Alan T. (1960)
Waterman, A. T. (1963)
Weaver, Warren (1960)
Weaver, W. (1962)
Weaver, Warren (1957)
Wiesner, Jerome B. (1965)
Withey, Stephen B. (1959)
Wolfle, Dael (1957)
Wright, Palmer (1960)

AmmemsamemoillaNNIMPP'..



U.

lypiesil references to the ethics of science are:

1. Science is the most powerful imams devised by use for

arriving at the truth with respect to ides world of matter end energy.

2, Me its of pure science is to ingress* man's knowledge of

the physical and biological world without respect to any 'resent or

future good or evil*

3. Pupils must be helped to develop a scientific attitude.

4* Scientific: practice produces objective truth and rules for

discovering it.

S. Science teaching must ultimately bring about a wider

appreciation of the ethical implications of science for the mom

good*

6. People used an appreciation of the meaning and methods of

Jam,

7. Scientific *tale:ledge requires soma amempassing understamding

of the *halo. sone appreciative of causes and oennactimas and of con-

ceptual models and their relatienebip to observablei reality.

S. The layman must learn to judge and interpret the statemmsts

and values of scientists.

9.. One reason for /*eluding the study of science in the schema

of general education is to develop knowledge of the scientific enter*

prise.

10. Ihe scientist has a duty to report his findings to the general

public in a newer the Ism* understand:*



12.

11. secrecy in science cannot be tolerated, this we waist ail

come to understand.

12. The value of science lies not in the subject natter alone

but Chiefly in the spirit and ltring tradition in which the disciplines

are pursued.

13. Scientists can greatly affect public opinion and provide

leadership for isyasa in forming a proper attitude toward science.

14. Totals, of science should emphasise (1) the assumption

of maw. (2) experlmemtetion and observation, (3) induction of

o:tor-al lows, (4) development of theory, and (3) documentation and

dimemlnation of knowledge.

IS. One of the rain functions of the scientist should be to

instla in the public those mental qualities and attitudes which have

made 1 sucossful in science, namely, critical analysis of old

concept", mutant search for now and superior theories, lasiotence

that all dose te based upon evidence rather than generalised idealism

and that tiny be accepted oa the bases of prediction and analltic

success and cot ou the strength of their tradition or the power of

their special tautest..

Cartel* of thetie eoneerns indicated for this referent were expressed

as attitudes ox the waientific attitude. The scientific attitude is

accepted to be the utllisgases to be controlled by a group of objective

rules is the pefesueme of issowledge. Some authors indicated that this

tans attitude should replete life outside of science. It is also

noted that sore authors ppscifically delineated the ethics of come=

to than in considering scietiflilc literacy.
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dirt of

the following statements are indicative of those found LEA the

literature concerning this referent.

1. The citison mat have an improved understanding of bow it

(science) operates.

2. The min goal of mimic* education is to assure that *very,

one uslaretand something of the intelloctuat meaning of what scientists

are about.

3. Sensibly educated people can gain a good working idea of

how science goes about its busiass.

4. The study of scivise should serve to equip students with an

understanding of the sciatific method as an approach to problem

solving.

3. Solace is concerned with discoveries truth, and with the

separation of the true from the false.

6. People should see that seism* oaks truth by successive

appropriation enistimag under the authority of an Wit and the quest

of theory diet will bold up motor oestrolled totting and the tarif
cation of aperheants.

7. IN sad a win scientific mmarstandiag of seisms itself.
S. In goseral oisenties the stress tat be toward sa under

standing by araseisselsto and seimitiets of what actinic* is all about.
9. Your sducatie is alma skald have given you an appreciation

of the work ef great sciamtiato and the growth of tested thought.

10. The true nature of modern esience is ene of radioed empiricism

through inoramed applioation to diary. (One of die needed ushrte

staling f indialta ess).



13.

11* Avid* spread understanding of science is necessary in this

country because only through understanding can science be assimilated

Into our cultural pattern.

12. One purpose of science education is to help the pupil and

imam acquire an understanding of the distinctive methods of science.

13. There are real ocs why it is imperative that the individual

citizens of our democracy have an improved understanding of what

science is and how it operates.

14. Science for future citizens should be mole intelligible

to explain the basic hypothesis and philosophies of science and to

give hiss en acquaintanceship with science.

13. Aftiversitites should MIMS greater responsibility for

interpreting science to the common man.

This referent Is concerned with some phases of the process

aspect of science. There is ccemirderable emphasis on the under..

standing of the nature of science, however, the kinds of understanding

desired extended from "science is a body of knowledge" to "science

is an idea developing activity." The preferences in the document°

were for science as a knowledge developing activity, there is no ace

asthod of science, aud science slows ahead as a series of approximem

time. There was no ssasessas as to which of the ldees in the

structAire of science was most fundamental.
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Typical statements concerning this referent made luau Moore

of 2* per oent of the documents are:

1. A knowledge of conceptual science provides the necessary

language for communication between the, lay public and the scientific

cemmunley.

2. ley concepts or conceptual schemes are the only answers to

the Lumens understanding of mushrooming scientific and technological

knowledge.

3. Historic and cultural roots of science concepts should be a

part of the publics uaderstanding of science.

1. Concepts of science have an impact on all aspects of the

school curriculum and should be dealt with in all these areas.

3. Conceptual kaowledge of science has brought man e freedom

from the levery of the supernatural.

6. The study of scientific facts and concepts relative to

certain controversial topics may produce desirable changes in attitudes

with regard to these topics.

The importance of cancepti in science instruction varies with

some authors emphasising the need to "keep up" with science, others

stress the part played by concept development in science in our

culture, and still others express concern for the function of oleo,

*opts in changing attitudes.
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Indicated concern for the ability to discriminate between science

and technology is revealed in sample statements of meaning.

1. Public understanding of the difference between the short and

long run purposes of science and t:schnology are essential to advancing

our science and society.

2. Scientific education is to he .p laymen adjust to the technow.

logical devices which surround their daily lives.

3. The educated layman must understand that science is no

technology, it is not gadgetry, it is not some mysteTious +cult, it

is not a great mechanical monster. Science is on adventure of the

human spirit.
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4. The teehnolcsical aspects could be used as a link between

the scientist sad the anascientist.

3. It is impectaat for dim citifies to underetand clearly the

distiaction between science and technology.

It is noted that kmowledge of the difference between science and

technology has apparently taksa on importance. The views of teehmology

varied fromcenplete depeademce upoa science for its mistime* to the

belief that technology has a structure and history of its own. A

more common expression was to the effect that science and technology

differ basically in ethics end motivation. It was pointed out also

that pure science often produces technologically useful knowle40

and that applied science often produces conceptual scheme*.

RVIRENCES: 6CIENCX AND TICHNOLOGY

Ashbys, Sir iric (1960)
Barbers Simard (195Z)
Baum, Werner A. (1962)
Nolte's, Lsetitia (MO
Clam, Orli. H. (1930)
Dupree, A. Nester (1961)
Ivens, abort (1962)
lever, L. 6. (196
Gibe**, R. 1. (1953)
Latham. Sheldon, J. (1956)
Wordy, Richard (1956)
McCurdy, Richard C. (1956)
Prior, Moody N. (1962)

M. 64 (1961)
Throw, J. (1960)
Waterman, Alma T. (1960)
Waterman, A. T. (1963)
Weaver, Waxen (1960)
'Roamer, Jerome D. (1965)
liblfles Deel (1957)
Wright, Palmer (1960)
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the eencern of some of the expressions for the cultural aspect

of science is indieated by the following statements.

1. The study of science in our schools is carried on without

regard for the husemitites and the study of the humanities is carried

on without regard to science; yet each is complimentary to the other.

2. The rapidity wick which men changes his life and his environ'.

sent (via science) requires a deep understanding of both SCUM* and

the humanities and their interrelatedness.

3. Society requires wisdom and consensus for poliey decisions

which in tura necessitate ca=mmication between scientist and humanist.

6. Science is responsible for meth cultural change which in

tura is a subject of the humanities.

3. The dichotomy between scientific and humanistic scholarship

becomes very synthetic if the decision making processes in science

are carefully examined.

6. The divorce of the sciences from the humanities is based

upon misconceptions.

7. Science is really a humanistic study.

S. Scientific literacy means that an educated man should know

science in a humanistic way.

This referent, science and the humanities, was concerned with

learning science as a part of the American cultural heritage end with

the study of the interrelatedness of *ciaoe and the humenities.

Occasionally an author would use the term humanities to refer to

seethe'. implications rather than cultural implications. The concern

for science as woe of the humanities was most prewolost
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SAVIRSNCSS: SCIENCE AND THE HUMANITIES

Satak Waller A. (1%2)
Caldwell. Anton (1964)
Conant, James 11. (1947)
DO Jouvemele Bertrand (1963)
Claes, *motley (1059)
Basted. losrence (1957)
Bard, lotwal SA. (1958)
Kirke Imesell (1963)

le, tathleen (1958)
e Beery (1964)

Ms0uslyellcbard C. (1938)
Mead, Margaret (1939)
Muller, 11. J. (1959)
*shit I. I, (1956)
Rapoport, Anatol (1950)
Roche, M. (1963)
*Athlete Joseph (1962)
Schrodingere Irwin (1952)
Shams, Harris (1963)
Smith, 24 1. (1960)
iieteamen, Alan T. (1960)

jOAIMODE

The scientifically literate individual presently is characterised

as one with en understanding of the (1) basic concepts in science,

(2) nature of science, (3) ethics that control the scientist in his

work, (4) interrelationships of science and society, (5) interrelation

ships of science and the humanities and (6) differences between science

and technology.

Evidence from anelyeis of the literature concerned with scientific

literacy reveals that knowledge of the (1) interrelationships of science

and society, (2) ethics of science, and (3) nature of OCi41000 are more

important than (4) comceptuel knowledge, (5) differences between science

and technology, end (6) the interrelationships of science and the

humanities.
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To determine the opipione of a sample of representatives of

Industry, ocieme nonmeriters, educators, and representatives of the

military cencerning what knowledge is and of soignee is important

to their respective businesses sad /or profeeeloms and for effective

citizenship.

2122113111

Personal private interviews were held with representfitives of

irdustry, science newouritere, educators, and representatives of

the military from the state of Wieconsia.

A. haisimuttjajtaumeajmues_____

The individuals selected satisfied one or more of the followiag

criteria.

1. lesponitble for the employment practices of his institution.

2. Responsible for Ion the job perforeencew of employees within

his institution.

3. Reteibltsh educational programs for institution personnel.

4. Prepares science material, for popular or prcfsssional con.

gumption.

3. was involved with education at some level as elementary,

secondary, college, adult, of vocational.

1. illtdSZIALTMEMitilidffai

1. An open mild semistrustured techmique as employed so that

the interviewee could develop We owe lastest discourse is discussing

scientific literacy.
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Z. liech interview was recorded on tape and analysed at a later

3. The following questions WO inserted into the interview at

the appropriate time. Each question was structured apropos to the

profecsiosal position of the interviewee.

a. Wbat do you understand the term *steatitic literacy

tort? 4 4 0.

.b. Whet ere the obarecteristics of a scientifically literate

person?

a. Is literacy in science, 1.44 knowledge in end of mimeo,

possible for an entire population?

d4 Is the scientific literacy, i.e., knowledge in and of

edam., important for a population?

s Is it possible to plan educatiomal programs no that the

ledIvIdual uq eftetems to be scientifically literate throughout

life? If so, how?

Interviews were emadmaiMmliaLthe

I. lino representatives of industry includise

a) Oa pommel disaster* from a sajer manufacturing pleat

that supported a research and development sootiest

b) owe persemwel. direst's free a food poosessims industry,

c) two persommel directors fm grey iron foundries,

1401110 NONNWPOI WO' sea In etc ley to be Woe es efflotal
stemmata of the pertieeler steeps represented. Sather these views
refloat may the peoeseal elotees of the 15 individuals isterviemed.
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d) Oita vice president of a seelluenufeeturimg plants

e) One personnel diisetor of a utility serviee eenpasy, and

f) two industrial scientists.

I/. Thrwedecators iwsludied

a) one city superintendent of schools,

b) on school scion*, consultant, and

c) one ourriculeireoordinetor of a vocations! school.

III. Two science newesriters.

N. One military officer.

Question A. What do you uederstand the tern "scientific literacy"

to mean?

This direct question proved to have little mennieg to the first

five people interviewed. Because of the lack of basis for oeneunietion

this question was discontinued.

Question I. What are the characteristics of a scientifically'

literate parolee

the teen **tontine Mersey had little or is saaatas for the

representatives of industry first interviewed. Therefore, the question

was restated as fellewet

What knowledge is and it OCILIMMO important to an individual

for his jeb end foreeitisensidpi

I. The following spin were *mot to seven of the nine industrial

repreeentatives.

e. Job perfstmense of eons es the production Use is not

dependent upon his h000tedge of the *incepts of methods of science

or the impact of science on society.
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F Inowlafte of the interaction of science and society is

Irv:levant to job perforeance and to :Affective cities:whip since

the nitisen nest turn to the expert for decisions much as he turns

to the physician :ikon be is ill.

c. Knowledpa of tochnological developments which exist

within a community is desirable.

Individual typical comments were

"ln our company we are interested in the science background
of an employ:* if and only if it is prerequisite to the
job,"

"We look for am with annual and technical training. Mem:
could be picked up is high school in a physics or shop
course, in the mdlitary, and ethsr places."

As opinion common to the two industrial scientists was knowledge

of aortal:: basic (but unspecified) concepts og science is important

for all individuals, particularly those in todhnical ox managerial

positios.

One industrial scientist ribose firnemploys high school graduates

as laboratory technicians strongly urged tho usdarstandimg of the

promises of science. Ris statement indicates his concern.

"When vs hire an iodividual we prefer him to have biology
and chemistry sr physics or both. We then start by assuming
be knows nothing. There oak certain sethofe of SCUMe which
aro important and wo teeth then these necessary analytical
prosedares. We want him to import Oils lab observations)
1110(116017. Ws o train bin to do OW is amity. I doubt
that he loam this is the hi& school but we find it wry
easy to trails his to do this. I desist think that the

twat; eastest of mums is neatly so Sepottent as the way
of leaking at the problas.**wita as individual samptioion
mad. a lia7 of detesid,alas the tolavaat feats. I don't *now
heat to tomb this but l know it can be taught' eve do it
here is this lab.it CM taught the high school lob
too."
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The dotes todusators speed es the isporteace of at they tensed

the beets hose2e4. of miens aoseepts sod methods oeseiesly found

is high Mod *dance oswewo as a starting place fir future

develepoisat

Ihe sepressetative of the vecatiooal school pointed out that

(a) the growls. geoid ad moral problems oreatad by owe wido

spread u of seisms and technology were becoming more and more

a wooers for the general citisen as wen as for the technical

worker, sod (b) the kaowledge these problems and *eye to cope

with them are aseeesary for citineaOhip sod for effective employment.

III. The two science ooPouriters agreed that for effective citiseaship

and employeest the individual Ohoulds

a. Usderetand the methods of seisms

b. Possess a knowledge of the ocesepts or theories of science

c. Recognise the sosial impetuses of seisms mod tsclaology.

Coe of the aewsuwiters streNly emphasised the importance of

knowledge of the opposing fasts of seism* as Mom today for =playa

sent I citisonship.

The seemed Mier indicated that...

individuals tent have to uoderstsod the technical detail of
a scieatific results, e.g., DIA, but they do need to be able
to pat time* results 12 propar pesepestivewswt bow it is
that the sciestists are lovestigetiog this phsoomesen COM)
but that am with due bawled. *I seientiats greasy* able
to elk eed mower questiesic of hew biological seissisos repro'
duca thesteeloss. Ve might asp that the esiestifleally literate
individual needs to Wm how sciense is Inpeastast to modern
life cad boo di s Prim salamis fit late the Massa .f
life. It is mown important for the individual to know bee
scion. *fleets his life this Movies the individual facts
of science.

'Im""monomilm."1111111.11.111.1111111111"111111.
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V. The repreastative of the military cited opeetfie skills ouch as

liateratowir tolasigulea hafoduage of bate sieetroates is* mochasies

as brims seeded by all Wadies ei 1$111 ar Osetritilla

Quaities C. Is Mersey is atesee i... bawled is if of
1101.41110111 possible for the 111413110 populaties?

I. Seven of tlo reprasastivee of isduetry save as relevant

mm,"..
II, III, IV. The throe educators. u ladiustrial 10104

tem sareuriters agreed that a misievel level of atestifis literacy,

characterised by ability to reed awe slimiest' of astatine and

tochlwabollicel derelopmesta is pineal* for soot of tho literate

individuals. More adesseed levels of osiestifis literacy are both

noceasar, if posotble for daisies where ash as Cemsreaammi.

V. The repeseestative of the military s so relevast eruniere.

Question Pi le esiestifte literacy. 1.41., krnovl.dge to and of

nista, hapartest for a pepulatime?

I. The sine representetivos of industry offered differing

opinions as tbe impeatemee .1 bawled& is and of SCUM* for the

various oesamatio of the paptiletia.

Six of tbe ropreastattwee of industry agreed that:

a) Itiseededso of (WAN* IS neither releverit nor important

to die mocker am the production lisa in the performance

of Ws jib.

b) Ihweladise is and if seisms may be importast for the

mdadatetrative meployee and pemeral cilium but this

impittasee comma be easily judsod.

4
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0 Decisions is soak special setters as selense end tedmology

*reboot loft to the imports trash as the physicias decides

is the treatment for specific' illness.

2. The pmpresestative of a foundry stated that all his implores'

Mae a stake in the prods*, bid produced and in tee

utilisation of these pwedosts, therefore, the email seposte

of scions* mod tachaelogy. apesilioally the inniurnwegibin

use of the now products of seism* area teehmelegy cad the

misuse of natural resources concern the man in the will,

the evocative in the front off Lae and the general elitism.

3. The two iedustrial scientists stated beat a mistmel kmowledge

In mad of seisms is imports* for employment, advancement,

am* effective citinanship.

II. The three educators agreed that knowledge in and of science

importast because our society is Moonieg mere heavily dependent

on science to technology, This impresses die mood for miderstandime

of science and teehmoler, if the democratic process is to prosper*

III. The two science miters agreed that ainimal lowels of knowledge

in cad of science are essential for employment aid ettisenihip.

One writer disocesed *eased for locressed understand*" of all

aspects of science and technology by decision makers in industry,

education, and government*

IVY The represeutative of the military stated:

a) Minton operations are becoming increasingly technical, theme

fore Mewled** in mid of OCLIOCO is essential for military

personnel.
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b) lb opinion on the importance of scientific knowledge for

the entire population*

Question S. Is it possible to plan educational programs so that

an individual may continue to be scientifically literate throughout

life? II so, howl

I. The nine representatives of industry provided these opinions.

a) For hourly employees: specific knowledge of science is

not relevant to their job and so the quostion is sot rob:waft

for this group. .

b) For salaried employees: most industries already have

advanced study programs which provide mocouragemosto

time, and/or tuition money for advanced study. Such

study is usually hut not necessarily related to the

individual's current Job.

The representative of the food processing corporation pointed out

that the salaried employees of his firm are invited to attend early

morning in-service educational programs within the plant. So far two

such programs have bean offered; a course in seenomics fox the consumer

and a course in the dynamics of practical polities in our society* loth

of these courses were offered because the employees requested or were

interested in such work. He concluded that if such a program were

available in scientific literacy his firm would be interested in

offering it to their euployees. The industrial scientists noted that

tslevielon is probably the most effective adult education :odium avail.

able* It should be used wore extensively for programs cm science and

.technology*
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The throe educator' agreed that through the ffsctive use

of the mess media the individual citiren can oontinue to b*

scientifically literate. The representative of the vocational

school emphasised the importance of continuing formal adult

education in which all aspects of science and technology and

their interactions with society are emphasised.

III. The t4o science newswriters indicated that they Waived educe.

tional programs could be developed. They also noted that once

the individual citizen has left institutions formal learning

the mass media are his principle contacts with new developments.

Therefore, what is needed is a concerted effort to produce

science news stories, T.V. programs, etc, the objectives of

which are not only informing the public but more specifically

keeping the public scientifically literate.

N. The representative of the military indicated that he believed

that continuing literacy was possible and pointed out that for

military personnels

a) Knowledge in and of science is essential *Ad is continuing

to be one of the reasons for the extensive military

educational programs.

b) Raptdly changing science and technology is deorecming the

effective useful life of specific courses or skills.

o) This creates a need for more and continuing education in

the fundamentals of mathematics and the sciences as a base

upon which new specific skills could readily be built.

d) For the citizens All neoescery information in and of

science can be carried in she newspapers andmagasines.
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The data on this problem are too sparse and inadequate for the

drawing of reliable conclusions. Further data were not gathered

because of the apparent lack of understanding of the problems by

the groups interviewed and the consequent lick of reliability of the

generalisations that could be formulated from such date.

The majority of the individuals interviewed, with the exception

of the educators, industrieil scientists, newswriters, and the military

representative reported that they had not thought about this problem

before. The concern they have with production employees is to get

them to produce while the concern for menagement level employees is

quite different.

as What do you understand the term "scientific literacy" to

mem?

Lack of previous concern for this topic on the part of the

',Interviewees was given as a reason for lack of understanding of its

1140101fts

b. WNW knowledge In and of science is important to an indivim

dual for his job and for citftenehip?

Thus were differences of opinion between the industrialists

(nonscientist) and others. The type of industrialist concerned

with manufacturing expressed tho opinion that knowledge In and of

se/met became a concern of his only when such knowledge was directly

applicable on the job. The consensus of opinions of industrial

scientists, newewriters educators, and the representative of the

military indicated beliefs that some basic (1) knowledge in science,
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(2) understanding of the methods of science, and (3) uslorstanding

of the interrelationships of science and technology and society were

important for employment and citizenship.

The nonscientist industrialists did express some concern that

the layman should know something of the relationship of technological

developments and their use by society.

Within each group there were differences in the nature of the

details of the opinions expressed.

c. Is literacy in science, i.e., knowledge in and of science,

possible for the entire population?

The seven nonscientist industrialists and the military repro,.

sentative gave no relevant answers.

The industrial scientsts, educators, and newswriters expressed

the opinion that a minimal level of literacy in science was possible.

Again there were variations in attempts to define or describe

minimal level. However, it was most commonly characterized as the

ability to read news accounts of scientific and technological

developments.

d. Is scientific literacy, i.e., knowlege in and of science,

important for a population?

The industrialists (nonscientists) were generally consistent

in their opinions; they repeated that it was not important for the

layman, for his job, or for citizenship since this segment of the

population would always have to go to experts for help. The in.

dustrial scientist, one manufacturing industrialist, educators and

the newewriters, were of the opinion that the scientific literacy

of the general population was important.

A
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a* Is it possible to plea educational programs so that an

individual mmy continue to be scientifically literate throughout

life? Is so, boa/
4111.

The industrialists (nonscientist) indicated negative response

because, in their opinion, this question was not relevant. The

opinion here was consistent with the opinion given in question b. It

was reported that for salaried employees most industries had educe..

time' programs.

In spite of the lack of concern of this group for scientific

literacy, the opinions expressed indicate that the necessary inform

nation in and of science could he carried in newspapers and magasines

and on Toli* It was further indicated that T.V. is probably the

most effective adult education sodium available and it should in-

clude more educational programs involving science and technology*

The science newswriters, educators, and the representative of

the glittery were of the opinion that scientific literacy for life

was possible and could be accomplished through the schools during

early life and through mass media after leaving school. This group

included within its discussion such topics as knowledge of the con.,

tent of sciences, the nature of science, technological developments,

the relationship of science and society, the way 'moiety uses its

resources, the kinds of technological devices placed on the market,

and the place of science in society.
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xlskimum,

lb determine throe& the analysis of oeveloo of daily and

Sunday melsporers mod popular megosines:

1. The nmsber of articles that wore scientifically amdfor

technologically, oriented.

2. The nature of the anew of the scientifically and /or

technologically oriented articlei.

3. The distribution of the articles found when a classifi-

cation of science and/or technology was imposed.

4. The number of articles that timbre science and/or techno-

logy that have one or more social implications.

3. The nature of the social implicetions.included in articles

that involve science and/or technology.

6. The knowle4ge in and of science prerequisite to the

reading of the selected articles.

Related Research.

One of the first significant newspaper studies with respect

to science content was reported by Finley and Caldwell (1923) who

studied the biological material appearing to eleven prominent news-

papers for the month of June, 1921 and in six newspapers for November,

1921. They found that health was the most prominent topic in news-

paper biology.

Curtis (1924) investigated the scientific knew/edge required

for an intelligent reading of the public press. H. studied 2,763

newspaper articles and found that articles on biological science

Iwere about as numerous as those on physical science, and that *bout

1
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67 per cent of the newspaper articles on biological science required

a foundation of technical knowledge, as contrasted with about 25

per cent for physical science.

Hopkins (1925) analysed all the issues of four Denver news-

mere for one month and eight segasines for six months for articles

of a scientific nature. He found biological articles to occur most

commonly in the newspapers and nonceientifie megasines and, omit-

tins the two technical magazines read, that physics and chemistry

articles combined accounted for less than one-fourth the space de-

voted to biology.

To determine what scientific information the public pays for

in standard magazines and the relative amounts of these materials

devoted to the various sciences, Searle and Such (1926) analysed

the science content of all the issues of eight magasines for a 10

year period and three magazines for a five year period. They found

that 62.2 per cent of the science content of these magazines could

be classified as relating to biology 26.3 per cent to physics,

5.1 per cent to chemistry, and the remaining 6.4 per cent to

general science.

Merrill (1929) analysed a sample of magazines and bulletins

covering approximately a 13 year period for information concerned

with groups of plants and the particular activities or relations

of the various plant groups. His findings showed that writers of

periodical literature devoted more than seven times more space to

consideration of food-producing groups of plants than did textbook

writers. In an .analysis of 12 high school biology texts he noted
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that three times more space was devoted to lower from of plant

life than in the periodicals, but that the periodicals devoted

more than seven tines more attention to the economic phase of

plant life that did the t.ztbook

Rill (1930) analysed the biologicel content of 061 article.

in 591 issues of nine nonspecialized magasineo. He concluded that

the greatest emphasis in these magazines was placed upon animal

biology which accounted for 52.0 per cent of the content followed

by human biology which accounted for 28.62 per cent.

Huts (1932) analysed the public health and hygiene content of

240 issues of the Now York Times, The Horning World, and the Evening

Graphic. Of the 4,364 items identified, 1,536 were news items, 122

ware editorials and the remaining 2,706 ware advertisements.

Novak (1942) analysed the Me York Times for the years 1930,

1933, 1936, and 1939. He found that 20.1 per cent of the newspaper

science content was devoted to health and medicine and that 50.5

per cent of the science content was biological (including health

and medicine) and 49.5 per cent was physical science.

In an attempt to determine what information newspapers ware

giving their readers about atomic energy Hines (1947) analysed

every item relating to atonic energy published in specific editions

of five newspapers during the month of August. He found that in

general the five newspapers were devoting almost *column day to

news, editorials, or other material concerning atomic energy. His

study also revealed that, generally, the greatest percentage of the

news on atomic energy was devoted to political policy followed by
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research in atomic energy and background or historical news.

A study of the content of selected U.S. doilies by the

Departmemt of Agricultural Journalism Of the Onivertity of Vivi,

cousin 'hewed that the percentage of front page "Wiese' varied

from 3.3 percent for the Louisville Courier to,0.0 per cant for

the Hardison Capital Times and that the percentage of non-advertising

space devoted to science varied from 2.0 per cent for the Louisville

Courier to 0.3 per cent for the Capital Times.

Reeves (1950) found through the analysis of seven newspapers

that 43 per cent of all science articles pertained to the H-bomb

and 57 per cent to all other scAences and that 60 per cent of the

front page science was related to H-bomb stories, 14 per cent to

medicine, and the remaining 26 per cent to various other areas

of science.

Rowe (1951) found that 0.9 per cent of all, the non-advertising

space of a sample of 1.00 newwpapers analyzed was devoted to scienc30

Of all the science articlea read, 35.2 per cent were in the field

of medicine, 26.8 per cent in atomics, 14.3 per cent engineering,

and the remaining 29.7 per cent in various other areas of science.

Koolsche and Morgan (1964) analyzed the science content of

22 daily newspapers and mine magazines for a period of six months.

They found that 62 per cent of all science articles in the news-

papers appeared in the months of November and December ands that

87.3 per cent of the science articles in the newspapers were almost

equally divided between the fields of biology and physics. In the

magazine study they found that 58.7 per cent of all the articles
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dealt with some phase of the biological aciameos, 2.4 per cent

with.physicso and the remaining 12., pervert to other areas. They

also tabulated the sopontific principles amd vocabulary they felt

were necessary to interpret sad understand the scientific infor-

mation appearing in these science articles.'

in2.0.1a1.

1. Selection of capitol city newspapers

A. Capitol city newspapers were selected as follows:

1) The 30 states were classified into nine geographical

areas as specified by N. W. Ayers and Sons, Now*

papers and Periodicals, 1964.

a) New England

b) Middle Atlantic

c) East North Central

d) West North Central

e) South Atlantic

f) East South Central

g) West South Central

h) Mountain

i) Pacific

2) A. minimum of two states was selected from each

area as follows:

a) States wage listed alphabetically and numbered

serially 150,

b) States were selected by use of random number

table until a iniatimum of two states had been

c7,
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seleeted for each geographic area. ilium 22

states had been selected a minims of two

states had been obosam.fram each of the nine

areas.

3) The capitol city daily newspaper was identified

in each of these.22 states. The mwspaper with

the greatest circulation was chosen in cases

of cities with more than one daily newspaper.

a. A six month subscription for each of the 22 selected

newspapers was begun on August 1, 1964 and terminated

January 3Z, 1965. A listing of the selected news-

papers is given in the appendix*

C. The selection of daily issues to be read for each of

the 22 capitol newspapers was as follows:

1) The 22 newspapers were listed alphabetically by

state and numbered serially.

2) The August 1, 1964 issue of the first daily news-

paper on the list was selected for analysis; the

August 2, 1964 issue of the second paper on the

list was selected for analysis; and so on until

the August 26, 1964 issue of the 22nd newspaper

on the list was selected for analysis. Sunday

papers were omitted in-this selection procedure,

hence the difference between the newspaper number

and date of the issue selected for analysis.

IIIIMAIMMKINIERMWICP aZfliiM712MINIMUIR.6
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3) The selection process wee recycled beginning.

with the August 270 1964 issue of newspaper

number 1. The cycling process was repeated

until January 30, 1965.

4) For newspaper titles *not publishing a Saturday

or holiday edition the issue from the preceding

day was selected.

D. Selection of the Sunday editions of the newspapers:

From the total of 27 Sunday editions received for

each of the 19 newspapers that published a Sunday

edition three Sunday issues were selected for

analysis. Selection was made by use of a table of

random numbers.

II. Selection of Magazines

A. The ten magasines classified as "General Editorial"

(consumer magazines appealing to the general public)

by N. W. Ayers and Sons, Newspapers and Periodicals,

1964 that reported a circulation of three million or

more were listed for possible inclusion. in the study.

From this list were excluded:

1. The two weekly magazines appearing as supplements

to Sunday newspapers;

The Farm Journal, since it was determined to be

a Journal for a specific trade or profession;

3. "Look Magnaine" since it was considered to serve

the same interest as "Life Magazine" which was

included.
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To this list of six "General Editorial" magazines

were added the two women's magazines of greatest

circulation. The names and circulation figures of

these eight magazines are given in the appendix.

One monthly issue of each of the eight selected

magazines was read beginning with August, 1964 and

terminating with the January, 1965; thus, six issues,

of each selected magazine were read. For those maw

sines with two or more issues per month, the first

issue for each month was selected.

Problem III - 1. Newspaper Study

To determine the number of erticZes that were scientifically

and/or technologically oriented.

&Skid °LNALELE

The selected newspapers were carefully read and all articles

with a scientific or technological orientation were clipped and

filed for future analysis. Articles were included in this study

if they met one or more of the following criteria:

1) Made reference to some scientific or technological development.

2) Involved a social, political, or economic issue concerning

science and/or technology.

Excluded from this study were articles concerning:

1) Crop reports of a statistical nature.

2) Commercial, development or trade items as hearing aids,

automobiles, televisions, etc.

3) Advertisements.
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4) Obituarisep,

5) Daily weather forecasts.

6) Reports of consequences of weather,

7) Names of diseases or operations auffored by individuals

when the article merely reported acre.

8) Medical and scientific meetings unless the science con-

tent of such meetings was discusrld.

9) Comics.

10) All articles lees than 1/2 column inch long.

Results

There were 414 articles with a scientific and/or technological

orientation found In the sample of 157 daily and 57 Sunday newe.,

papers. The dz,..!ly papers inaluded 276 articles and the Sunday

papers 138 such articles.

Wirt' III 2, Newspaper Study

To detemine the nature of the themes of the scientifically

sid /or technologically oriented articles selected from newspapers.

Method of Analysis

After the scientific and/or technological. Articles were se-

lected from the newspapers the name and theme of the article were

tit:minted. The nem* was considered to be the one statement which:

a) nest summarised the content of the articla as determined

by the reader.

b) Was supported by at least 50 per cent of the article.

e) Was consistent with the summary statement contained in

tie article.
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To establish the reliability of the method of identifying the

themes a second reader independently determined the themes of a 40

per cent sample of the selected articles. The accepted method pro-

duced agreement of greeter than 95 per cent between the themes iden-

tified by the two readers.

The themes were grouped or classified according to theirconud"

tent and the resulting classification scheme examined.

Results

The grouping of the articles according to individual theme

resulted in the establishment of five major themes which best

summarised the nature of the individual themes. These five major

themes are:

1) Space

2) Automation « Cybernetics

3) Science

4) Nuclear Energy

5) Medicine

The kinds of article themes classified within each major theme

are:

Space,- Articles dealing with the development of space vehicles

and weapons, methods of detecting these space vehicles, and the

training of the personnel who will accompany the space probes,,

iSatatwiga.C212tfzstiat - The study and/or use of computers,

automated machinery, and/or automated systems,

§cience Pure or applied science in each of the following

areas: agriculture, anthropology, aelronomy human biology,
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general biology, chemistry, conservation, engineering, geology,

meteorology, oceanography, and physics.

Nuclear Energy Tbs use or effects of radioactive materials

and the production of energy from nuclear sources.

Human biology associated with the diagnosis and

treatment of disease and illness, the health and nutrition of the

public, and the lmolated facts of natural or artificially induced

body funct4Ans.

The number of articles clhasified within each of the major

themes is found in Table III.

TABLE III

Number of Scientifically and/or Technologically Oriented
Newspaper Articles Classified According To

Major Theme

Science
Nuclearliarlgar
Energy cinsSpace

Automation«.

Jybernetice
014110110111111110001111~011141~4011111

Total (Dallies) 60 4 87 10 115 276

Sunday Editions 33 3 51 10 41 138

Total - Dailies
plus Sunday 93 7 138 20 156 414

""""4",10rotwavs

It is noted that 156 or 37.7 per cent of the 414 articles in

both Sunday and daily papers were concerned with Medicine, 138 or

33.3 per cent were concerned with Science, 93 or 22.5 per cent were

concerned with Space, 20 or 4.5 per cent were concerned with Nuclear

Energy, and 7 or 1.7 per cent were concerned with Automation-Cy-

bernetics.
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When daily issues only were considered it was found that 115

or 41.6 per cent of the article themes were classified as Medicine,

87 or 31.5 per cent were classified as Science, 60 or 21.7 per cent

as Space, with only 10 or 2.4 per cent classified as Nuclear Energy

and Automation-Cybernetics respectively.

When Sunday issues only were considered it was noted that 51

or 36.9 per cent of the articles themes were classified as Sciencer

41 or 29.7 per cent as Medicine, 33 or 23.9 per cent as Space, and

10 or 72 per cent and 3 or 2.2 per cent classified as Nuclear Energy

and Automation-Cybernetics respectively.

Problem /II - 3. Newspaper Study

To determine the distribution of the articles when a classifig.

cation of science and/or technology is imposed.

Method of Analysis

Criteria:

The classification of an article as scientifically or tech..

nologically oriented was based upon the ends to which the infor-

mation or content of the article was directed. An article was

classified as technology if it described or interpmted how a pro-

duct or process was or would be used or if it sbilved or implied a

practical application of scientific or technological concepts or

principles. An article was included in the classification science

if it described or explained a scientific development in terms of

basic concepts, principles, or theories of science without regard

to practical application. An article was classified as Both if it

contained both science concepts, principles, and/or theories and
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also described or implied * possible practical application of one

or more of the concepts, principles, and/or theories of concern.

pesults

TABLE IV

Number of Newspaper Articles Oriented Toward Science,
Technology or Both, Classified According to Major Theme

Space
Automation-
Cybernetics Science

Nuclear Medi-
Energy cine Total

Technology 85 7 54 19 147 312

Science - 69 69

Both Science and
Technolo 8 15 1 9 33

Total 93 7 138 20 156 414

Examination of Table IV reveals that 312 or 75 per cent of the

414 articles included in this study may be classified as oriented

toward technology. When the articles were subclassified according

to major theme as well as science and/or technology it was found

that:

1) Eighty five or 91 per cent of the 93 articles concerned

with Space were classifie4 technology and the remaining 9 per cent

as both science and technology.

2) Seven or 100 per cent of the article4:3, concerned with

Automation-Cybernetics were technologically oriented.

3) Fifty four or 39 per cent of the 138 articles concerned

with Science were technologically oriented, 69 or 50 per cent were

octanes oriented, and 15 or 11 per cart classified se bon
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science and technology.

4) Nineteen or 95 per cent of the 20 articles classified

within the theme Nuclear Energy were technologically oriented.

5) One hundred forty seven or 94 per cent of the articles

with a major theme of Medicine were technologically oriented and

nine articles or six per cent of the articles were science oriented.

MOM

TABLE V

Number of Newspaper Articles Oriented Toward Science,
Technology, or Both Classified According

To Major Theme in the Daily and Sunday Issues

Automation- Nuclear Medi-
Space Cybernetics Science Energy cine Total

Daily:

TechnologyTechnology 53 4 33 9 106 205

Science

Both Science
and Technolo 10

Sunday:

Teanology 32 3

Science

Both Science
and Technolo 1 5

When daily issues were considered it was noted (Table V) that

205 or 74 per cent of the 276 articles were technologically oriented,

44 or 16 per cent we science oriented, and 27 or 10 per cent were

oriented toward both science and technology.

44

21

so

25

10

VI

44

27

41

GNI

?.07

25

Olk
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The data, when Sunday issues were coAidered, were similar

proportionately to the daily issues with 107 or 77 per cent of the

138 articles technologically oriented, 25 or 18 per cent science

oriented, and six or 4.2 per cent both science and technology

oriented.

Problem III - 4. Newspaper Study

To determine the number of articles that involve science and/or

technology that have one or more social implications.

Method of Analysis

A. Criteria

An article was considered to have a social implication if

that article made reference to an imraediato or projected effect

upon or relationship to society in some form as technological

application, judgments of cit-4sens or their elected representatives,

financial grants by public or private agencies, social mores, and/or

employment.

B. Procedure

A coon!` was made of the number of articles within each

major theme class that included some social implication.
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Results TABLE la

Number of Newspaper Articles Including Some
Social Implication Classified According To
Major Theme and Science and/or Technology

II NOP

Nucogirr".
Energy cine TotalSpace

Automation-
Cybernetics Science

Daily 15 2 22 7 21 67

Sunday 6 3 10 5 9 33

Total 21 5 32 12 30 100

Science 0 0 5 0 0 5

Technology 17 5 24 11 29 86

Both Science
nd Technolo 4 0 3 1 1 9

It was found that. only 100 or 24.1 per cent of the 414 sci-

entifically and/or technologically oriented articles included some

social implication and that the proportion of the totals in daily

and Sunday papers was similar. Study of Tables III and VI reveals

that the proportion of the articles with some social implications

when classified aeeordiag ti wajut themes is characterized by vari-

ability from 100 per cent for Automation-Cybernetics articles in

Sunday papers to 18.2 per cent for Space articles in Sunday papers

Alen the total number of articles 'an a group is 10 or fewer. How-

ever, when the number of articles ga a group is 22 or more the

range is only from 18 per (mat for Medical erJalcles in daily papers

t 25 per cent for Space articles also in daily papers.

It is also noted that only seven per cent of the 69 articles

classified as science included some social implication whereas 28

pel cent of the articles classified as technology and 27 per cent

Gt,
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of the articles classified as both included such an implication.

It is further noted from Table VI that of the 67 such articles

occurring in the daily papers, 15 or 22.2 per cent were classified

Space; two or 3.0 per cent Automation-Cybernetics; 22 or 32.8 per

cent Science; seven or 10.5 per cent Nuclear Energy; and 21 or

31.4 per cent Medicine. Similarly of the 33 articles occurring

in the Sunday papers, six or 18.2 per cent were classified Space;

three or 9.1 per cent Automation-Cybernetics, 10 or 30.3 per cent

Science; five or 15.2 per cent Nuclear Energy and nine or 27.3

per cent Medicine.

Problem III - 5. Newspaper Study

To determine the nature of the social implications included

in articles which involve science and/or technology.

Method of Analysis

A catalogued list was prepared consisting of statements describ-

ing the nature of the social implications in each of the 100 arti-

cles. Some articles could be described by one statement while

°there required more than one. The items on the list were then

examined and grouped on the basis of similarities and differences

in terms of social concern. The individual items, classified ac-

cording to a specific social concern, were then again grouped ac-

cording to the major theme of the article that served as its source*

The individual items within each social concern class grouped cc-

cording
..

to major theme were then summarised.

1. there were 124 statements of concern prepared that identified
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the nature of social implications either implied or directly stated

in the 100 articles,

2. The.124 statements indicated: a) interrelationships be-

tween society and science and/or technology (social), b) political

decisions or issues that involved science and/or technology (political), or

c) economic relationships that involved science and/or technology

(economic). The 124 statements were thus classified as social,

political or economic.

A statement of concern was considered to be social when the

discussion involved the direct effect or involvement of science

and/or technology upon individuals or groups in a society. Some

items were health, leisure, safety and employment.

A statement of concern was classified as political if it in-

volved a voting judgment, right, or responsibility of the citizen

or his duly elected or appointed representative concerning a seg.-.

antific or technological problem.

A statement of concern was classified 'as economic when it

related to a financial cost or gain and also involved a scientific

or techoAozical problem..
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TABLE VII

Number of Statements Indicating Social Implications
Classified According to Concerns Major Theme of the
Newspaper Article, and Science, Technology or Both

Space
Automation-
Cybernetics Science

Nuclear Medi-
Energy eine Total

Science

Technology

Both Science
and Technolo-
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3. Table VII reveals that 53 or 42.7 per cent of the 124 items

of social concern were classified as social, 40 or 32.3 per cent were

classified as economic, and 31 or 25 per cent were classified as

4. It is obvious from Table VII that the articles classified

as technology included more social implications than did those clas-

sified as science; 108 or 87.1 per cent of the social implications

were found in articles concerned with technology, of Which 51 or

47.2 per cent were classified as a social concern and the balance

about equally divided between political and economic concerns.

5. When the social implications are considered in terms of

the major theme classifications it is noted that 40 or 32.2 per

cent occurred in the Science articles, 35 or 28.2 per cent in
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wiAcal articles, 24 or 19.4 per cent in Space articles, 17 or

13.7 per cent in Nuclear Energy articles and only seven or 5.6

per cent in articles concerned with AutomationCybernetics.

6. A comparison of the proportional, distribution of the

number of items of.social, political, and economic concern within

and among the major theme classifications tabulated in Table VII

shows that Space articles included more political concerns than

any of the others, Medicine articles were more concerned with

social problems, Science articles were most concerned with eco-

nomic problems and the articles classified as Nuclear Energy have

about equal concern for the three types.

7. The social items of concern in the articles included

those of public opinion, development of public values, effects of

automation on employment and isclzvaase in leisure time, population

explosion, conservation, physical and mental health, nation de-

fense programs, and the effects of increased energy sources,, The

items of social concern and their frequency of appearance are

found in Table VIII.

TABLE VIII

Topics of Social Concern in Newspaper Articles
Classified According to Major Themes

Topic Frequency

SPACE-SOCIAL

1. Supersonic tests were conducted over cities by
the Air Force to determine the publics reaction
to and acceptance of sonic booms.

3

2 The public must make a decision concerning the 1
merits of supporting an expensive apace program
or supporting research in other areas such as medicine.
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TABLE VIII (continued)

Topic Frequency

3. CutbAcks in aerospace contracts will affect a
large segment of the population in California
since many of the people are employed by in.,
dustries oriented towards the space program.

AUTOMATION AND CYBERNETICS-SOCIAL

1. The computer revolution will lead to a shorter
work week and thus give the worker more leisure
time. This leisure time could cause serious
social problems.

1

2. The computer will not decrease total employment. 2
However, it will eliminate many present jobs and
create new jobs of a different type.

3. The use of the computer to study social problems 1
could help eliminate or reduce social tensions and
create more wealth and leisure.

SCIENCE-SOCIAL

1. Urban sprawl hat created serious problems relating 4
to sewage, fresh water, "breathing space", and
preservation of national beauty and wildlife.

2. More leisure time of the American citizens will
require an expanded outdoor recreational program
involving the need for more land.

1

3. Scientific and/or technological research has 7
created new chemical and mechanical products
for insect and weed control and an expanded
industrial system creating more unusable wastes
which are creating serious pollution problems.

4. Research on bubonic plague led to the discovery 1
of the rat as its main carrier. Thus, this
disease has almost entirely disappeared through
extensive rat control programs.

JINTAALENERG.-/socIAL

1. The use of nuclear weapons upon members of
society involves definite moral judgments
concerning the consequences of using these
weapons.



55.

TABLE VIII (continued)

Topic 'ateMaa
2. The nuclear fallout in the U. S. was very high 1

in 1963 6# a result of nuclear testing. This
fallout, if allowed to accumulate, could ser-
iously pollute the water and air and cause
serious health problems.

3. Programs designed for survival "of the bomb"
have led to the development of an extensive
fallout shelter and civil defense program.
The support of these survival'programs has
been decreasing due to the inqueationable
merits in terms of saving lives during a
nuclear attack.

4. Dr. Teller is hopeful for the development
of a "clean" bomb which would have peaceful
uses.

5. The major problem is to educate the public to
the advantages and need for the nuclear energy
program.

1

1

1

6. The nuclear waste problem is a moral problem. Man 1
is producing a sub3tance which has the potential
to destroy his environment.

MEDICINE-SOCIAL

1. The results of research by the American Cancer
Society and the tobacco industry have created a
controversy involving the relationship between
cigarette smoking and lung cancer. This con-
troversy is of deep public concern.

1

2. Medical research has exposed the problem of maL- 1
nutrition that exists in economically deprived
areas of the United States.

3. Medical research has exposed the problem of causes 7
of diseases and disorders of the human body that
will require development of new treatment procedures.

4. Medical research is developing a variety new 14
drugs and surgical and diagnostic techniques for
curbing disc'''. Misuse of these drugs may cause
serious consequences to the user.
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TABLE. VIII (continued)

Exassitt
5. People fail to support medical research because 1

they fail to see the merits and need for research--
they fail to see the millions of people aided by
this research.

6. New drugs and devices for controlling birth as a 1
possible solution to our problem of overpopulation
are causing serious discussions among various social
groups.

8. The concerns of the political topics are basically those

involving the Federal Government and the cognisance of the need

for the will of the people to be positive if certain programs in

science and technology ate to be supported, the relationship of

certain programs and the international stature of the U. S. and

other countries, and the part played by federal agencies in health,

research and development programs and projects. The nature of the

political topics within the contort of the several themes is noted

in Table IX.

TABLE IX

Topics of Political Concern in Newspaper Articles Classified
According to Major Themes

T. ittg,a92.xm

grAgg-poricar.,

1. The government has been reluctant to financially 2
support the supersonic transport system until it
is certain of public support.

2. A decision by the Federal Government concerning 1
the support of the Mars spaoe program is needed
ii thy; immdlate future to insure keepidg the
program on schedule.
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TABU?, IK (continued)

3. comernment support o§ space programs seems to
depend upon the military aspects of these pro-
grams and not the scientific knowledge these
programs may yield.

Frequency

2

4, Reduction in the defenge budget has caused the 2
cancellation of certain missile programs.

5. The space administration has decided to combine 1
certain phases of the military and civilian space
programs to conserve funds.

6. Russia's use of her space achievements has been for 3
national power and prestige.

A statement issued by the President and his staff 1
reveals that the United States shall become the
leading spacefaring nation and that apace shall be
used as an avenue towards peace.

SCIEME-PULITICAL

1. The Federal Government must support and take an 2
active interest in the various conservation and
land acquisition programs.

2. The Federal Food and Drug Administration and the 6
Federal Government must guard against pollution
and support the needed antipollution measures.

3. Major desalination programs could curb future water 1
problems in parts of the United States and could
help alleviate political i;snsions in the Middle East.

NUCLEARAIERGY-POLIT/CAL

1. The decision to drop the atomic bomb on Japan
involved a period of soul searching among members
of the military, physicists, engineers, and the
President and his staff. The decision was based
upon the saving of countless American lives that
otherwise would have been lost during"an invasion
of Japan.

2. Goldwater opposes the limited nuclear test ban
treaty. Ae maintains that the effects of nuclear
weapons upon communication systems must be tested.

CnIONWPWWWW"mmmmmmwmorrammmismmnavmmwmmm
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Frequency

3. Laws, regulations, and controls involving 1
nuclear research must be international.

4. The Atomic Energy Commission stresses the need 1
for the paceful uses of atomic energy to re-
place fossil fuels in the generation of electricity,

5. Should the Fedaral Government or private enterprise
control the future nuclear reactors that will be
used to generate electricity?

6. The Federal Government is supporting the building 1
of new and more efficient nuclear reactors.

MED7C/NE.40L/TICAL

1. A comprehensive Program is necessary, to provIde pro- 2
tection to the public against the misuse of drugs
and the misuse of diagnostic and therapeutic de-
vices.

2. Federal support af medical reeearon is needed to 2
help solve the social problems associated with
disease.

9. The greatest variety of topics found were those of an

economic nature.. It is noted from Table X that most of the concern

is with the amounts of money being spent by this Federal Government

on science and technology with only occasioned concur,: for thp use-

fulness of the products. There seems to be a recognition that

dollars get attention.

TABLE X

Topics of Economic Concern in Newspaper Articles
Classified According to Major Themes

yogis 71111.zionc

SPACE-ECONOMIC

1. The federal Aviation. Agency paid out $7,000 1

'1411101MY ...VaiRMMIMMIOAMINAUMINPWAMMPlagnMWMOM
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TAUS X (continued)

Tonic MOM
in damage suits filed by citizens of Oklthoma
City for damage due to sonic booms.

2. The supersonic space program would cost the 2
Federal Government $1,2 billion.

3. Various issues involve the expenditure of monies 5
for space projects such as: $140 million for the
Nimbus Space Pro.14ct, $49 eillion for the OCO
Satellite Program, $180 million for previous un-
successful Ranger probes, and $75 billion to land
a man on Mars.

ARNMATIOfidagianajOBEME1

1. The use of a computer in controlling various in. 2
dustrial processes has resulted in greater pro-
duction, decreased costs, and greater efficiency
thus yielding a higher financial gain for industry.

The Publio Health Service has issued a grant of 1

$1.67 million to study the feasibility pf using
electronic computers to aid ire the diagnosifill of
heart problems.

SCIENCE.RCOMMC

1. The Federal Government has appropriated large
amounts of money for antipollution measures
such as $29 million for the development of
harmless substitutes for insecticides and
heabicides and $200 million for sauna water
research.

2. Project 70 is a $70 million land reclamation
program financed by the State of Pennsylvania
to preserve some of the "breathing spade" still
left in the state.

3. The Federal Goverment must appropriate more
money for the purchase of national park areas
and recreational lands

4. Water diversion projects have caused scowl-0U
hardships in certeil tourist area.

2

1

1
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TABLE X (continued)

Ditto Frequency,

5. The removal of peetticides and insecticides 3
from public use before adequate substitutes
are developed will cause an increase in food
production 'toots, thus .increasing the cost of
food to the consumery

6. The Federal Government appropriated $15 billion 1
for scientific research for 1965.

7. The coats of federally financed basic science
research projects vary in amounts such as $4.8
million for a biotron at the University of
Wisconsin, $7 million for the Antarctic re
search program, and $46,000 to study the homing
behavior of the penguin.

8. The results of scientific research may lead to
greater financial gain for private enterprise.
Examples include the increased financisl return
to crop growers as a result of agriculcural re-
search; financial gains to commercial fishermen
as a result of stream, lake, and ocean research;
and the creation of new products and industries
resulting in increased employment opportunities.

15SINAIBMWEE4IZZ C

1. The expenditure of money for civil defense has
bean steadily decreasing due to lack of federal
support

2. The AEC spends about $3 billion annually for
research and development of peaceful uses of
atomic energy.

3. The cost of generating electricity by use of a
nuclear reactor is presently higher than using
fossil fuels but this differential is decreasing.

5

4

1

1

4. The disposing of nuclear reactor waste is an ex 1
pensive project if adequate safely is to be
assured.

5. The ANC has appropriated $100 million for a
nuclear power plant in California. Its wain
function will be to supply power to pump water
for various irrigation projects.

1
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1. Federal support of Medical research involves 3
grants of $10 million for leukemia research,
$15 million for the Salk institute, and $7
million for study of arthritis and rheumatism.

2. The annual loss in wages due to various diseases, 1
especially arthritis and rheumatism, is over
$1.5 billion.

3. The Federal Government has appropriated $13
million to support a program designed to educate
th public concerning the problems and dangers
of cigarette smoking.

1

4. Nutritional quackery is seen as one of our big- . 1
gest frauds involving the abuse.of scientific
knowledge and is a multi-billion dollar business.

Problem In - 6. Newspaper Study

To determine the knowledge in and of science prerequisite to

the reading of the selected articles.

Method .......1x...sisefAna

1. Prerequisite knowledge was defined as all scientific or

technical words, phrases, and ideas and all words of general usage

which were used in a scientific or technical manner in the selected

articles. Excluded were those terms, phrases, or ideas which were

not directly related to the theme of the article and those that

were related to the theme but were explained or defined within the

article. The remaining terms, phrases, or ideas represented the

minimum prerequisite knowledge in and of science to reading the

article.

2. All articles with prerequisite knowledge were identified



62.

and classified according to the major theme of the article.

3. Each item of prierevisite knowledge'was identified within

each major theme and sta explanation or definition was formulated

that was specific ti) the context of the article.

4. A claosification system based upon the traditional die-

ciplinery lineal of physics, chemistry, etc. was imposed capon the

items of prerequisite knowledge. A tabulation was then made of

the articles within each theme with prerequisite.knowleAge.

5. The reliability of tke technique of identification of the

itemr of prerequisite knowledge was tested by having a sample of

approximately 20 per cent of the articles read by two other in-

dpyiduals competent in science. The technique was revised until

a reliability of at least 90 per cent was achieved.

Aesuite

TABLE itt

Number of Articles in Daily and Sunday Newspapers
with Knowledge in and/of Science Prerequisites

001.0111011.011111011.11.

Newspaper
Automation- NUclear Nadi-

Space Cybernetics Science Energy cine Total

Daily

3u

Total
*IIIIIIMION1101111.00~1

51 3 59 7 94 214

2d 3 36 9 3 111

77 6 95 16 131 325
NNW

1, Utilising the data in Tables III tied XI it is revealed

that 325 or 78 per cent of the 414 articles (daily and Sunday) have

some science knowledge prerequisites. It is also noted that 214 or

76 per cent of the daily articles and 111 or 80 per cent of the

Weeratiao
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Sunday articles have some science knowledge prerequisites.

2. An examination of these data, according to major themes,

indicated that 31 or 85 per cent of the 60 Space articles from

the daily papers and 26 or 79 per cent of the 33 Space articles

from the Sunday papers had science knowledge prerequisites. Of

the total of 93 articles classified Space 77 or 83 per cent had

science knowledge,prerequisites.

3. In the articles Within the theme Automation-Cybernetics

three out of four of the daily articles and the three Sunday

articles had science knowledge prerequisites.

4. Of the 138 articles with the theme Science 95 or 69 per

cent had 'science knowledge prerequisites. These included 59 or

65 per cent of the daily and 36 or 71 per rent of the Sunday

articles.

The theme Nuclear Energy included 20 articles 16 of which

had science knowledge prerequisites. The 16 included seven of the

ten daily and nine out of the ten Suaday articles.

6. The 156 artieles with the theme Medicine included 131 or

84 per cent that had science knowledge prerequisites; Of the 94

daily articles 82, per cent had science knowledge prerequisites

which compares closely with the 37 or 90 per cent of the Sunday

articles requiring such Lnowiedge.
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p
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c
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c
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c
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n
o
w
n
 
i
n
h
a
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r
e
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k
a
l
e
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s
 
a
n
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u
a
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o
f

I
n
d
o
-
E
u
r
o
p
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-
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p
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a
c
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p
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h
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p
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.
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t
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R
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N
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E
T
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.

A
n
t
i
-
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t
e
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l
i
t
e
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i
s
s
i
l
e
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a
r
e
 
u
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e

t
o
 
L
e
t
i
k
 
o
u
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a
n
d
 
d
e
s
t
r
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a
t
e
l
l
i
t
e
s
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c
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i
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g
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h
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h
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b
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t
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h
e

n
i
g
h
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k
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c
a
l
l
e
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i
r
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n
i
t
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d
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a
r
s
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g
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t
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t
a
r
s
a
r
e
 
c
a
l
l
e
d

s
e
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o
n
d
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a
g
n
i
t
u
d
e
 
s
t
a
r
s
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T
h
e
 
f
i
r
s
t
 
m
a
g
n
i
t
u
d
e
 
s
t
a
r
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r
e

a
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o
u
t
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b
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u
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P
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i
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b
m

3
.

T
h
e
 
e
a
r
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h
'
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s
p
h
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r
e
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n
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o

c
a
u
s
e
 
d
i
s
t
o
r
t
i
o
n
 
i
n

p
h
o
t
o
g
r
a
p
h
s
 
o
f
 
o
b
j
e
c
t
s
 
b
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c
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p
e
 
o
u
t
s
i
d
e
 
o
f
 
t
h
e
 
e
a
r
t
h
'
s

a
t
m
o
s
p
h
e
r
e

w
o
u
l
d
 
a
l
l
e
v
i
a
t
e
 
t
h
i
s
 
p
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c
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c
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i
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p
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.
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i
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p
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c
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p
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c
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b
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p
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i
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6
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11
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11
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M
a
j
o
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T
h
e
m
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A
u
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o
m
a
t
i
o
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N
u
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e
a
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S
 
a
c
e

C
y
b
e
r
n
e
t
i
c
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c
i
e
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c
f
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E
n
e
r
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)
e
d
i
c
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n
e

1
.
2
. 3

1

1

1
1
.
 
A
n
 
e
l
l
i
a
l
s
i
!
 
o
r
b
i
t
 
i
s

a
 
p
a
t
h
 
i
n
 
t
h
e
 
s
h
a
p
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o
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a
 
s
y
m
m
e
t
r
i
 
a
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o
v
a
l
.

1

1
2
.

A
n
 
s
a
a
s
t
a
r
t
a
l
 
o
r
b
i
t
 
i
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p
a
t
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a
r
o
u
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c
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t
r
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t
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a
n
d
 
a
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o
v
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t
h
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e
a
r
t
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e
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u
a
t
o
r
.

1
3
.

P
u
l
l
 
m
o
o
n
 
i
s
 
t
h
a
t
 
p
h
a
s
e
 
o
f
 
t
h
e
 
m
o
o
n
 
w
h
e
n
 
t
h
e
 
i
l
l
u
m
i
n
a
t
e
d

h
a
l
f
 
i
s
 
f
u
l
l
y
 
v
i
s
i
b
l
e
 
f
r
o
m
 
e
a
r
t
h
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1
4
.

G
a
l
m
c
i
e
s
 
a
r
m
 
g
r
o
u
p
s
 
o
f
 
m
i
l
l
i
o
n
s
 
o
f
s
t
a
r
s
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1
3
.
 
D
 
e
 
i
e
n
o
c
p
h
e
r
e
,
 
i
s
 
a
n
 
e
l
e
c
t
r
i
c
a
l
l
y

c
h
a
r
g
e
d
 
l
a
y
e
r
 
i
n
 
t
h
e

e
a
r
t
h
'
s
 
a
t
m
o
s
p
h
e
r
e
 
W
h
i
c
h
 
i
s

c
a
p
a
b
l
e
 
o
f
 
a
c
t
i
n
g
 
a
s
 
a

m
i
r
r
o
r
 
f
o
r
 
r
a
d
i
o
 
o
r
 
r
a
d
a
r
w
a
v
e
s
,
 
t
h
a
t
 
i
s
,
 
i
t
 
i
s
 
a
b
l
e

t
o
 
r
e
f
l
e
n
t
 
r
a
d
i
o
 
o
r
 
r
a
d
a
r
 
w
a
v
e
s
 
b
a
c
k
 
t
o
 
e
a
r
t
h
.

1
6
.
 
D
u
r
k
 
t
i
m
e
s
 
o
f
 
i
n
t
e
n
s
e
 
s
u
n

s
p
o
t
 
a
c
t
i
v
i
t
y
 
i
n
t
e
n
s
e

r
a
d
i
a
t
i
o
n
 
i
s
 
r
e
l
e
a
s
e
d
 
f
r
o
m
 
t
h
e
 
s
u
n
'
s
 
s
u
r
f
a
c
e
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h
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r
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r
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t
h
e
 
e
a
r
t
h
'
s
 
a
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o
s
p
h
e
r
e
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n
d
c
a
u
s
e
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s
e
v
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r
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s
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r
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o
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t
h
e
 
l
a
y
e
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o
f
 
t
h
e
 
a
t
m
o
s
p
h
e
r
e
 
c
a
l
-

l
e
d
 
t
h
e
 
i
o
n
o
s
p
h
e
r
e
.

S
i
n
c
e
 
t
h
e
 
i
o
n
o
s
p
h
e
r
e
 
i
s
 
e
s
s
e
n
t
i
a
l

t
o
 
l
o
n
g
 
r
a
n
g
e
 
r
a
d
i
o
c
o
m
m
u
n
i
c
a
t
i
o
n
s
,
 
d
i
s
t
u
r
b
a
n
c
e
s
 
i
n

t
h
i
s
 
l
a
y
e
r
 
c
a
u
s
e
 
m
a
j
o
r
 
d
i
s
t
u
r
b
a
n
c
e
s
 
i
n
 
r
a
d
i
o
c
o
m
a
n
d
-

c
a
t
i
o
r
a
.
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M
S
 
X
I
I
 
(
c
o
n
t
i
n
u
e
d
)

6
7
.

P
r
e
r
e
n
t
s
i
t
e
 
K
n
o
w
l
e
d
g
e

H
e
 
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

a
p
a
c
e

M
e
d
i
c
i
n
e

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

I
n
e
r
s
z

M
e
d
i
c

1
7
.
 
A
l
i
g
h
t
 
y
e
a
r
 
i
s
 
a
 
u
n
i
t
 
f
o
r
m
e
a
s
u
r
i
n
g
 
g
r
e
a
t
 
d
i
s
t
a
n
c
e
s
 
i
n

t
h
e
 
u
n
i
v
e
r
s
e
.

O
n
e
 
l
i
g
h
t
 
y
e
a
r
 
i
s
 
t
h
e
 
d
i
s
t
a
n
c
e
 
l
i
g
h
t

t
r
a
v
e
l
s
.
i
n
 
o
n
e
y
e
a
r
.

1
8
.

L
u
n
a
r
 
p
e
r
t
a
i
n
s
 
t
o
 
t
h
e
 
m
o
o
n
.

1
9
.
 
A
 
l
u
n
a
r
 
e
c
l
i
p
s
e
 
o
c
c
u
r
s
 
w
h
e
n
 
t
h
e
 
e
a
r
t
h
m
o
v
e
s
 
b
e
t
w
e
e
n

t
h
e
 
s
u
n
 
a
n
d
 
t
h
e
 
s
o
o
n
 
a
n
d
 
t
h
e
 
e
a
r
t
h
'
s
 
s
h
a
d
o
w

f
a
l
l
s
 
a
n

t
h
e
 
s
c
o
n
e
s
 
s
u
r
f
a
c
e
.

2
0
.

T
h
e
 
n
o
n
p
u
d
e
 
o
f
 
a

st
ar

,
i
s
 
i
t
s
 
r
e
l
a
t
i
v
e
 
b
r
i
g
h
t
n
e
s
s
 
i
n

r
e
l
a
t
i
o
n
 
t
o
 
o
t
h
e
r
 
s
t
a
r
s
.

T
h
e
 
b
r
i
g
h
t
e
s
t
 
s
t
a
r
s
 
a
r
e

c
a
l
l
e
d
 
f
i
r
s
t
 
m
a
g
n
i
t
u
d
e

s
t
a
r
s
,
 
t
h
e
 
n
e
m
t
 
b
r
i
g
h
t
e
s
t
 
a
r
e

s
a
s
s
e
d
 
m
a
g
n
i
t
u
d
e
s
t
a
r
s
,
 
e
t
c
.

2
1
.

M
e
t
e
o
r
o
i
d
 
d
e
t
e
c
t
i
o
n
 
s
i
t
e
d
 
i
t
e
m
 
a
r
e
 
p
r
i
m
a
r
i
l
y
 
u
s
e
d
 
t
o

d
e
t
e
c
t
 
a
n
d
 
r
e
c
o
r
d
 
t
h
e
 
n
u
m
b
e
r
 
o
f
m
e
t
e
o
r
s
 
a
n
d
 
b
i
t
s
 
o
f

s
p
a
c
e
 
d
u
s
t
 
t
h
a
t
 
t
h
e
y
 
e
n
c
o
u
n
t
e
r
 
i
n
 
t
h
e
i
r
 
s
p
e
c
i
f
i
c

o
r
b
i
t
s
 
a
r
o
u
n
d
 
t
h
e
 
e
a
r
t
h
.

2
2
.

M
e
t
e
o
r
s
 
a
r
e
 
p
i
e
c
e
!
,
 
o
f
 
s
o
l
i
d
 
m
a
t
e
r
i
a
l
 
a
n
d
/
o
r
c
o
s
m
i
c

d
u
s
t
 
f
o
u
n
d
 
b
e
y
o
n
d
 
t
h
e
 
e
a
r
t
h
'
s

a
t
m
o
s
p
h
e
r
e
 
i
n
 
o
u
t
e
r

s
p
a
c
e
.

2
3
.

m
a
g
n
a
g
E
t
u
a
 
a
r
e
 
e
x
t
r
e
m
e
l
y
 
s
m
a
l
l
 
f
T
a
g
m
e
n
t
s
 
o
f

m
e
t
e
G
r
s
 
t
h
a
t
 
e
n
t
e
r
 
t
h
e
 
e
a
r
t
h
'
s
a
t
m
o
s
p
h
e
r
e
 
a
n
d
 
f
a
l
l
 
t
o

t
h
e
 
e
a
r
t
h
'
s
 
s
n
r
f
a
c
s
.

2
4
.
 
N
e
w
s
o
m
 
i
s
 
t
h
a
t
p
h
a
s
e
 
o
f
 
t
h
e
 
m
o
o
n
 
w
h
e
n
 
t
h
e
 
m
o
o
n
 
i
s
 
n
o
t

v
i
s
i
b
l
e
 
f
r
o
m
 
t
h
Q
 
e
a
r
t
h
 
s
i
r
e
 
t
h
e

i
l
l
u
m
i
n
a
t
e
d
 
h
a
l
f
 
i
s

f
a
c
i
n
g
 
a
w
r
;
 
f
r
o
m
 
t
h
e
 
e
a
r
t
h
,
 
t
h
a
t
 
s
 
t
h
e

m
o
o
n
 
i
s
 
b
e
t
w
e
e
n

t
h
e
 
e
a
r
t
h
 
a
n
d
 
t
h
e
 
g
u
n
.

3 1 1 1

2 1 1 1



T
A
B
L
E
 
X
I
I
 
(
c
o
n
t
i
n
u
e
d
)

ag
m

eg
al

lia
L

le
m

eA
tte

2
5
.
 
B
e
a
s
s
u
m
m
e
m
a
r
e
 
s
t
a
r
s
 
t
h
a
t
 
h
a
v
a

"
a
m
p
l
o
d
b
e
i
r
 
a
n
d

r
e
l
e
a
s
e
d
 
a
n
 
e
n
o
r
m
o
u
s
 
a
m
o
u
n
t
 
o
f
l
i
G
h
t
.
 
P

t
i
v
i

o
c
c
u
r
s

t
h
e
 
s
t
a
r
 
a
l
s
o
 
e
x
p
a
n
d
s
 
r
a
p
i
d
l
y
 
i
n
t
o
t
a
e
 
r
a
n
g
e
 
o
f
 
a
 
"
g
i
a
n
t
"

s
t
a
r
.

2
6
.

A
s
 
t
h
e
 
p
l
a
n
e
t
s
 
E
a
r
t
h
 
a
n
d
 
M
a
r
s
 
r
e
v
o
l
v
e
 
a
b
o
u
t

t
h
e
 
s
u
n
,

t
h
e
r
l

a
r
e
 
p
e
e
o
d
s
 
w
h
e
n
 
t
h
e
y
 
a
r
e
 
c
l
o
s
e
 
t
o
 
e
a
c
h
 
o
t
h
e
r
o
n
 
t
h
e
 
s
a
m
e

s
i
d
e
 
o
f
 
a
s
 
s
u
n
 
a
n
d
 
a
l
s
o
 
p
e
r
i
o
d
s
 
w
h
e
n

t
h
e
y
 
a
r
e
 
v
e
r
y
 
f
a
r

f
r
o
m
 
e
a
c
h
 
o
t
h
e
r
 
o
n
 
o
p
p
o
s
i
t
e
 
s
i
d
e
s
 
o
f
 
t
h
e
s
u
n
.

T
h
i
s

p
h
e
n
o
m
e
n
a
 
i
s
 
d
u
e
 
c
e
o
 
t
h
e
 
d
i
f
f
e
r
e
n
t
 
p
e
r
i
o
d
s
 
o
f
 
r
e
v
o
l
u
t
i
o
n

o
f
 
t
h
e
 
E
a
r
t
h
 
a

N
a
r
a
.
 
S
h
e
 
O
p
t
i
a
i
u
m
p
e
r
i
o
d
 
t
o
 
s
e
n
d
a

p
r
o
b
e
 
t
o
 
M
e
r
y
 
w
o
u
l
d
 
b
e
 
w
h
e
n
 
M
a
r
s
 
i
s
 
c
l
o
s
e
s
t
 
t
o
 
E
a
r
t
h
.

1

-
2
7
.
 
J
o
g
=
 
o
f
 
a
 
s
a
t
e
l
l
i
t
e
 
i
s
 
i
t
s

p
a
t
h
 
a
r
o
u
n
d
 
t
h
e
 
e
a
r
t
h
,

m
o
o
n
.
 
s
u
n
,
 
o
r
 
s
o
m
e
 
o
t
h
e
r
 
b
o
d
y
 
i
n
 
s
p
a
c
e
.

2
8
e

O
r
b
i
t
i
n
i
k
t
h
e
 
e
a
r
t
h
 
p
e
r
t
a
i
n
s
 
t
o
 
t
h
e
 
p
a
t
h
 
t
a
k
e
n
 
b
y
a

s
a
t
e
l
l
i
t
e
 
a
s
 
i
t
 
t
r
a
v
e
l
s
 
a
r
o
u
n
d
 
t
h
e

e
a
r
t
h
.

-
2
9
.

T
h
e
 
s
r
i
Q
d
 
o
f
 
r
o
w
 
o
f
 
t
h
e

m
o
o
n
 
(
t
h
e
 
t
i
m
e
 
r
e
q
u
i
r
e
d

t
o
 
r
o
t
a
t
e
 
c
o
m
p
l
e
t
e
l
y
 
o
n
 
i
t
s
 
a
x
i
s
)
 
i
s
e
q
u
a
l
 
t
o
 
i
t
s

p
e
r
i
o
d
 
o
f
 
r
e
v
o
l
u
t
i
o
n
 
a
r
o
u
n
d
 
t
h
e
 
e
a
r
t
h
.

F
o
r
 
t
h
i
s

r
e
a
s
o
n
 
t
h
e
 
1
1
8
K
1
 
s
i
d
e
 
o
f
 
t
h
e
 
m
o
o
n
 
a
l
w
a
y
s
 
f
a
c
e
s
 
t
h
e

e
a
r
t
h
.

T
h
e
 
m
o
o
n
 
r
o
t
a
t
e
s
 
o
n
c
e
 
o
n
 
i
t
s
 
a
x
i
s

a
s
 
i
t
 
r
e
-

v
o
l
v
e
s
 
o
n
c
e
 
a
r
o
u
n
d
 
t
h
e
 
e
a
r
t
h
.

3
0
.

P
e
r
i
o
d
 
o
f
 
r
e
v
o
l
u
t
i
o
n
 
o
f
a
 
s
a
t
e
l
l
i
t
e
 
i
s
 
t
h
e
 
t
i
m
e

r
e
q
u
i
r
e
d
 
b
y
 
a
 
s
a
t
e
l
l
i
t
e
 
t
o
 
m
a
k
e
 
o
n
e
c
o
m
p
l
e
t
e
 
p
a
c
e

o
r
 
c
o
m
p
l
e
t
e
l
y
 
e
n
c
i
r
c
l
e
 
t
h
e
 
e
a
r
t
h
.

6
8
.

c3
.

I
d
a
 
o
r
 
T
h
e
m
e
,

A
u
t
o
o
n
t
i
o
n
-

N
u
c
l
e
a
r

2

t
i



T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

P
r
e
r
e
q
u
i
s
i
t
e

.
.
.
.
.
.
.
.
.
.
1
A
L
I
n
o
v
 
e

3
1
.

p
l
a
n
e
t
.
"
 
a
r
e
 
l
a
r
g
e
 
b
o
d
i
e
s
 
t
h
a
t
 
r
e
v
o
l
v
e
 
a
r
o
u
n
d
 
t
h
e

s
u
n
,

r
e
c
e
i
v
e
 
t
h
e
i
r
 
l
i
g
h
t
 
f
r
o
m
 
t
h
e

s
u
n
,
 
a
n
d
 
r
e
f
l
e
c
t
 
s
o
m
e
 
o
f

t
h
i
s
 
l
i
g
h
t
 
i
n
t
o
s
p
a
c
e
 
t
h
u
s
 
b
e
c
o
m
i
n
g
 
v
i
s
i
b
l
e
.

3
2
.

A
.
 
p
o
l
a
r
 
o
r
b
i
t
 
I
s
 
a
 
p
a
t
h
 
t
a
k
e
n
b
y
 
a
 
s
a
t
e
l
l
i
t
e
 
t
h
a
t

p
a
s
s
e
s
 
o
v
e
r
L
o
t
h
 
t
h
e
 
N
o
r
t
h

a
n
d
 
S
o
u
t
h
 
g
e
o
g
r
a
p
h
i
c
p
o
l
e
s

a
n
d
 
f
o
r
m
s
 
a
 
r
i
g
h
t
 
a
n
g
l
e
 
t
o
 
t
h
e

e
q
u
a
t
o
r
.

3
3
.

a
r
e
 
s
o
u
r
c
e
s
 
o
f
 
t
r
e
-

m
e
n
d
o
u
s
 
e
s
s
a
y

i
n
 
s
p
a
c
e

n
a
y
 
p
r
o
d
u
c
e

e
n
e
r
g
y
 
b
y
 
a
n
 
e
n
t
i
r
e
l
y
 
l
i
n
k
m
e
n
 
m
e
t
h
o
d
.

3
4
.

R
a
d
i
a
t
i
o
n
 
f
r
o
m
 
e
n
t
e
r
s
p
a
c
e
 
c
o
n
f
l
a
t
e
 
o
f
 
r
a
d
i
a
n
t
 
e
n
e
r
g
y

i
n
 
t
h
e
 
t
w
e
e
t
 
'
e
v
e
s

o
r
 
p
a
r
t
i
c
l
e
s
 
t
r
a
v
e
l
i
n
g
 
a
t
 
o
r
n
e
a
r

t
h
e
 
s
p
e
e
d
 
o
f
 
l
i
g
h
t
 
t
h
a
t
r
e
q
u
i
r
e
 
n
o
 
i
n
d
i
u
m
 
f
o
r
 
t
r
a
n
s
-

"

m
i
s
s
i
o
n
 
e
m
i
t
t
e
d
 
f
r
o
m
 
b
o
d
i
e
s
 
i
n
o
u
t
=
 
s
p
a
c
e
.

3
5
.

L
i
s
 
t
h
e
 
s
t
u
d
y
 
o
f
s
p
a
c
e
 
a
n
d
 
I
t
s
 
c
o
n
t
e
n
t
s

h
y
m
n
a
l
s
 
o
f
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

r
a
d
i
a
t
i
o
n
,
 
u
s
u
a
l
l
y
 
i
n
 
t
h
e

f
r
e
q
u
e
m
c
y
 
r
a
m
p
 
o
f
 
r
a
d
i
o
n
a
v
e
s
,
 
e
m
i
t
t
e
d
 
b
y
 
s
o
u
r
c
e
s
 
i
n

o
u
t
e
r
 
s
p
a
c
e
.

3
6
.
 
k
i
l
i
t
A
b
i
g
g
e
n

a
r
e
 
u
s
e
d
 
t
o
 
d
e
t
e
c
t
 
r
a
d
i
o

f
r
e
q
u
e
n
c
y

r
a
n
g
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
r
a
d
i
a
t
i
o
n
s
 
f
r
o
m
 
o
u
t
e
r

s
p
a
c
e
.

3
7
.

1
1

i
s
 
a
 
h
e
a
v
e
n
l
y
 
b
o
d
y
 
t
h
a
t
r
e
v
o
l
v
e
s

a
a
s
 
a
 
p
l
a
n
e
t
.

I
t
 
i
s
 
c
o
m
m
o
n
l
y

c
a
l
l
e
d
 
a
 
m
o
n
.

3
8
.

A
.
s
m
a
s
m
i
d
e
 
s
i
t
e
l
l
i
t
s
 
i
s
a
n
 
o
b
j
e
c
t
 
i
n
t
e
n
d
e
d
 
t
o
 
o
r
b
i
t

t
h
e
 
e
a
r
t
h
,
m
o
o
n
,
 
o
r
 
o
t
h
e
r
 
c
e
l
e
s
t
i
a
l
 
b
o
d
y
.

I
t
 
m
a
y

c
o
n
t
a
i
n
 
d
a
t
a
 
c
o
l
l
e
c
t
i
n
g

i
n
s
t
r
u
m
e
n
t
s
.

6
9
.

H
a
l
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r
,

S
 
a
c
e

b
e
r
n
e
t
i
c
e

S
c
i
e
n
c
e

E
n
e

M
e
d
i
c
i
n
e

6

3
2

2 1 1 2



T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

ito
rm

ea
tr

al
im

kg
ill

m
o
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
o
n
-

N
u
c
l
e
a
r

r
n
e
t
i
c
s

S
c
i
e
n
c
e

m
e
d
i
c
i
n
e

3
9
.

o
f

i
s
 
a
 
s
u
d
d
e
n
 
a
n
d
 
t
e
m
p
o
r
a
r
y
 
o
u
t
-

b
u
r
s
t
 
o
 
e
n
e
r
g
y
 
f
r
o
m
 
a
 
s
m
a
l
l
 
a
r
e
a
 
o
f
 
t
h
e
 
s
u
n
'
s
 
s
u
r
-

f
a
c
e
 
t
h
a
t
 
i
s
 
u
s
u
a
l
l
y
 
d
i
r
e
c
t
l
y
 
o
b
s
e
r
v
a
b
l
e
 
o
n
l
y
 
a
s
 
i
n
-

c
r
e
a
s
e
d
 
e
m
i
s
s
i
o
n
 
o
f
 
a
 
f
e
w
 
s
p
e
c
t
r
a
l
 
w
a
v
e
-
l
e
n
g
t
h
s
.

4
0
.

S
o
l
o
s
 
w
i
n
d
s
 
a
r
e
 
i
n
t
e
n
s
e
 
c
o
n
c
e
n
t
r
a
t
i
o
n
s
 
o
f
 
r
a
d
i
a
t
i
o
n

i
n
 
s
p
a
c
e
 
a
s
 
t
h
e
 
r
e
s
u
l
t
 
o
f
 
s
o
l
a
r
 
f
l
a
r
e
s
 
o
r
 
d
i
s
t
u
r
b
a
n
c
e
s

o
n
 
t
h
e
 
s
u
n
'
s
 
s
u
r
f
a
c
e
.

4
1
.
 
A

r
e
f
e
r
s
 
t
o
 
t
h
e
 
s
i
t
u
a
t
i
o
n
 
w
h
e
n
 
t
h
e

p
e
r
i
o
d
 
O
U
r
i
e
a
b
s
t
i
o
n
 
o
f
 
a
 
s
a
t
e
l
l
i
t
e
 
a
r
o
u
n
d
 
t
h
e
 
e
a
r
t
h

i
s
 
e
q
u
a
l
 
t
o
 
t
h
e
 
p
e
r
i
o
d
 
o
f
 
r
o
t
a
t
i
o
n
 
o
f
 
t
h
e
 
e
a
r
t
h
 
a
n
d

t
h
e
 
o
r
b
i
t
 
o
f
 
t
h
e
 
c
a
t
e
l
l
i
t
e
 
i
s
 
c
o
n
c
e
n
t
r
i
c
 
t
o
 
t
h
e
 
e
a
r
t
h
'

e
q
u
a
t
o
r
.
 
M
e
n
 
t
h
i
s
 
c
o
n
d
i
t
i
o
n
 
e
x
i
s
t
s
,
 
t
h
e
 
s
a
t
e
l
l
i
t
e

a
p
p
e
a
r
s
 
t
o
 
b
e
 
s
t
a
t
i
o
n
a
r
y
 
o
r
 
r
e
m
a
i
n
 
i
n
 
o
n
e
 
s
p
o
t
 
W
h
e
n

v
i
e
w
e
d
 
f
r
o
m
 
s
o
m
e
 
r
e
f
e
r
e
n
c
e
 
p
o
i
n
t
 
o
n
 
e
a
r
t
h
.

4
2
.
 
l
m
a
r
e
 
s
p
o
t
s
 
t
h
a
t

a
p
p
e
a
r
 
f
r
o
m
 
t
i
m
e
 
t
o
 
t
i
m
e
 
o
n

t
b
i

o
m
e
i
r
f
e
c
e

o
f
 
t
h
e
 
s
u
n
.

T
h
e
y
 
a
r
e
 
d
u
e
 
t
o
 
m
a
j
o
r

d
i
s
t
u
r
b
a
n
c
e
s
 
o
n
 
t
h
e
 
m
a
'
s
 
s
u
r
f
a
c
e
 
a
n
d
 
a
r
e
 
v
i
s
i
b
l
e

o
n
l
y
 
d
o
r
m
*
 
a
 
t
e
l
e
s
e
s
p
e
.

T
h
e
s
e
 
s
u
m
s
p
o
t
s
 
a
r
e

a
s
s
o
c
i
a
t
e
d
 
w
i
t
h

m
eg

f
l
a
r
e
s
 
w
h
i
e
b
 
a
r
e
 
s
u
d
d
e
n
 
a
n
d

t
e
m
p
o
r
a
r
y
 
b
u
r
s
t
s
 
o
f
 
-
a
r
g
y
 
f
r
o
m
 
t
h
e
 
s
u
n
.

4
3
.
 
b
l
i
s
i
m
m
e
d
m
i
s
S
i
g
g
L
i
s
 
a
s
 
a
p
p
a
r
e
n
t
 
c
o
i
n
c
i
d
e
n
c
e
 
o
f

t
i
l
o
c
e
t
a
s
t
x

i
n
 
t
h
e
 
s
a
m
e
 
p
l
a
n
s
 
o
f
 
t
h
e

z
o
d
i
a
c
.

4
4
.
 
A
 
t
h
z
e
e
-
o
r
b
i
t
 
f
l
i
g
h
t
 
r
e
q
u
i
r
e
s
 
t
h
r
e
e
 
c
o
m
p
l
e
t
e
 
l
e
e
v
o
-

l
u
t
i
o
n
s
 
a
r
o
u
n
d

t
h
e
 
e
a
r
t
h
.

2 7 1



7
1
.

T
U
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

Z
un

tu
da

lf
tle

m
is

ga
l

4
5
.

D
A

A
ux

ua
st

us
uL

aL
st

c
o
n
s
i
s
t
s
 
o
f
 
a
 
b
a
i
t
 
o
f
 
i
n
t
e
n
s
e

i
o
n
i
s
i
n
g
 
r
a
d
i
a
t
i
o
n
 
t
h
a
t
 
s
u
r
r
o
u
n
d
s
 
t
h
e
 
e
a
r
t
h
 
i
n
 
t
h
e

o
u
t
e
r
 
a
t
m
o
s
p
h
e
r
e
 
a
n
d
 
e
x
t
e
n
d
s
 
i
n
t
o

s
p
a
c
e
 
t
o
 
a
 
d
i
s
t
a
n
c
e

o
f
 
a
b
o
u
t
 
5
5
,
0
0
0
 
k
i
l
o
m
e
t
e
r
s
.

I
I
I
.

B
I
O
L
O
U
T

A
.

N
o
r
P
b
o
l
e
g
y
 
a
n
d
 
M
e
t
a
l
"

a
k
i
n

A
u
t
o
m
e
a
c
m
-

'
U
n
c
l
e
a
r

1
11

10
11

11
11

11
.1

1

S
u
b
 
T
o
t
a
l
s

9
4

3
3

1
.
 
M

I
s
 
o
n
e
 
o
f
 
t
h
e
 
t
u
b
u
l
a
r
 
b
r
a
n
c
h
i
n
g
 
v
e
s
s
e
l
s
 
t
h
a
t

c
a
r
r
y

f
r
o
m
 
t
h
e
 
h
e
a
r
t
 
t
o
 
t
h
e
 
v
a
r
i
o
u
s
p
a
r
t
s
 
a
n
d

o
r
s
 
o
f
 
t
h
e
 
b
o
d
y
.

2
.

I
t
a
j
g
g
i
l
d
i
 
i
s
 
t
h
e
 
c
a
v
i
t
y
 
b
e
n
e
a
t
h
 
t
h
e
 
j
u
n
c
t
i
o
n
 
o
f
 
t
h
e

ar
e
a
m
i
 
s
h
o
u
l
d
e
r
 
w
e
e

a
c
a
m
s
n
l
y
 
c
a
l
l
e
d
 
t
h
e
 
a
r
m
p
i
t
.

3
.

l
b
©
m

g
i
s
 
a
 
s
e
c
t
i
o
n
 
o
f
 
t
h
e
 
I
n
t
e
s
t
i
n
e
 
o
f
m
a
n
.

4
.

L
.
.
.
i
b
M
I
M
R
"
 
p
e
r
t
a
i
n
s
 
o
r
 
r
e
l
a
t
e
s
 
t
o
 
t
h
e

h
e
a
r
t
 
o
l
d
 
b
l
o
o
d
 
v
e
s
s
e
l
s
.

A
 
e
a
r
e
t
i
d
 
h
e
l
y
,
 
i
s
 
a
m
e
s
s
 
o
f
 
t
i
s
s
u
e
 
l
o
c
a
t
e
d

w
ow

 th
e

l
a
r
g
e
 
c
a
r
o
t
i
d
 
a
r
t
e
r
i
e
s
 
(
t
h
e
 
l
a
r
g
e
 
a
r
t
e
r
i
e
a

:
o
n
 
e
i
t
h
e
r

a
i
d
s
 
o
f
 
t
h
e
 
m
e
e
k
 
*
b
l
e
b
s
u
p
p
l
y
 
b
l
o
o
d
 
t
o
 
t
h
e
 
h
e
a
d
)
.

6
.

a
s
s
i
l
i
n
e
m
a
r
e

t
o
u
g
h
 
e
l
a
s
t
i
c
 
t
i
s
s
u
e
s
 
b
e
t
w
e
e
n
 
t
h
e

7
.

T
h
.
.
.
.
.
.
.
E
c
o
o
t
i
a
M
E
M
I
L
S
E
E
E
M
 
i
s
 
t
h
a
t
 
p
a
r
t
 
o
f
 
t
h
e

O
S
T
I
P
O
O
S
 
s
y
s
t
e
m
,
 
*
l
o
b
 
i
n
 
v
e
r
t
e
b
r
a
t
e
s
,
 
c
o
n
s
i
s
t
s
 
o
f

t
h
e
 
b
r
a
i
n
 
a
n
d
 
s
p
i
m
a
l
 
c
o
r
d
 
t
o
 
*
L
e
h
s
e
n
s
o
r
y

1 1 1 1 1



T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

72
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
 
l
a
d
e
&

i
m
p
u
l
s
e
s
 
a
r
e
 
t
r
a
n
s
m
i
t
t
e
d
 
a
n
d
 
f
r
o
m
 
W
a
d
s
m
o
t
o
r
 
i
m
-

p
u
l
s
e
s
 
p
a
s
s
 
o
u
t
 
a
n
d
 
u
h
i
c
h
 
s
u
p
e
r
v
i
s
e
s
 
a
n
d
 
c
o
o
r
d
i
n
a
t
e
s

t
h
e
 
a
c
t
i
v
i
t
y
 
o
f
 
t
h
e
 
e
n
t
i
r
e
 
n
e
r
v
o
u
s
 
s
y
s
t
e
m
.

T
h
e
 
.
c
a
m
 
i
s
 
t
h
e
 
t
r
.
/
t
o
m
c
a
t
 
n
e
m
b
r
i
m
e
o
n
 
t
h
e
 
e
x
t
e
r
i
o
r

s
u
r
f
a
c
e
 
o
f
 
t
h
e
 
e
y
e
.

T
h
e
 
p
u
p
i
l
 
i
s
 
b
a
t
e
d
 
i
n
 
t
h
e
 
c
e
n
t
e
e

o
f
 
t
h
e
 
c
o
r
n
e
a
.

9 
an

tg
lia

k 
se

cr
et

e
h
o
r
m
o
n
e
s
 
d
i
r
e
c
t
l
y
 
i
n
t
o
 
t
h
e

b
l
o
o
d
 
s
t
r
e
a
m
.

1
0
.

T
h
e
 
a
d
i
f
b
a
k
 
i
s
 
t
h
e
 
o
u
t
e
r
 
l
a
y
e
r
 
o
f
 
s
k
i
n
.

1
1
.
 
&
M
a
n
a
m
a
 
t
r
a
c
t
 
r
e
f
e
r
s
 
t
o
 
t
h
e

s
e
x
 
o
r
g
a
n
s
 
a
n
d
 
t
h
e

u
r
i
n
a
r
y
 
a
y
e
t
e
m
6

1
2
.
 
T
h
e
 
*
m
a
 
r
o
c
 
i
s
 
u
s
e
d
 
t
o
 
c
a
t
c
h
 
a
n
d
c
o
n
v
e
r
t
 
s
o
u
n
d
 
w
a
v
e
s

t
o
 
s
e
r
v
e
 
i
m
p
u
l
s
e
s
.

T
h
e
 
m
a
m
m
a
l
 
p
a
r
t
 
o
f
 
t
h
e

e
a
r
 
c
o
l
l
e
c
t

t
h
e
 
m
o
w
e
d
 
l
o
v
e
s
 
a
n
d
 
c
h
a
n
n
e
l
e
d
=
 
i
n
t
o
 
t
h
e
 
a
u
d
i
t
o
r
y
c
a
n
a
l

T
h
e
 
e
n
t
a
i
l
s
 
c
l
o
s
e
d
 
a
t
 
i
t
s
 
i
n
n
e
r
 
e
n
d

t
h
e
 
e
a
r
d
r
u
m
.

T
h
e

m
i
d
d
l
e
 
e
a
r
 
c
o
n
t
a
i
n
s
 
t
h
r
e
e
 
t
i
n
y
 
b
o
n
e
s
 
w
h
i
c
h
c
o
n
n
e
c
t
 
t
h
e

e
a
r
d
r
u
m
 
t
o
 
t
h
e
 
i
s
m
e
r

e
a
r
.

T
h
o
s
e
 
t
i
p
:
,
 
b
o
n
e
s
 
a
m
p
l
i
f
y
 
t
h
e

s
a
l
m
i
 
i
m
p
u
l
s
e
s
 
i
n
 
t
h
e
 
i
n
n
e
r

e
a
r
 
a
n
d
 
t
r
a
n
s
m
i
t
 
t
h
e
s
e
 
t
o

t
h
e
 
n
e
r
v
e
 
e
a
d
t
a
g
e
 
t
h
a
t
 
r
e
o
e
t
e
l
e
 
t
h
e
 
s
o
u
n
d

I
m
p
r
e
s
s
i
o
n
s

a
m
p
 
o
m
m
o
r
t
 
t
b
s
.
 
t
o
 
m
o
m
 
I
m
p
u
l
s
e
s
.

D
a
m
a
o
 
o
r
 
m
a
l
f
o
r
-

m
a
t
i
o
n
 
o
f
 
t
h
e
s
e
 
t
i
n
y
 
b
o
n
e
s
 
o
f
 
t
h
e
 
a
d
d
l
e
e
a
r
 
c
a
n
 
c
a
u
s
e

lo
os

 (
gl

itt
er

in
g.

1
3
,
 
j
a
h
l
a
i
g
k
e
r
i
l
l
i
m
a
r
e

p
r
o
t
u
b
e
r
a
n
c
e
s
 
o
n
 
t
h
e
 
a
n
t
e
r
i
o
r

p
o
r
t
i
o
n
 
o
f
 
t
h
e
 
s
u
p
e
r
i
o
r
r
a
m
s
;
 
a
 
s
l
e
n
d
e
r
 
p
r
o
c
e
s
s
 
o
f
 
t
h
e

I
s
c
h
i
a
.
 
b
o
n
e
.

kt
oz

zi
bm

au
to

m
at

io
n-

N
uc

le
ar

1

1 1 1 1



P
r
e
r
e
q
u
i
s
i
t
e
 
X
n
o
w
l
e
.
c
.
b
m

T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

P
A
U
S
T
A
M
a
l
l

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

C
r
n
e
t
i
c
s

S
c
i
e
n
c
e

M
e
d
i
c
i
n
e

1
4
.

I
n
t
r
o
-
 
u
t
e
r
i
n
e
m
a
n
s
 
w
i
t
h
i
n
 
t
h
e
 
u
t
e
r
u
s
.

1
1
5
.

O
t
a
m
e
n
t
o
 
a
r
e
 
b
a
n
d
s
 
o
f

t
i
s
s
u
e
 
h
o
l
d
i
n
g
 
b
o
n
e
s

t
o
g
e
t
h
e
z
 
o
r
o
r
g
a
n
s
 
i
n
 
P
l
a
t
e
.

1
1
6
.

:
N
i
o
r
p
h
o
l
o
g
i
c
a
l
l
y
 
i
d
e
n
t
i
c
a
l
_
m
i
n
a
 
t
o
 
b
e
 
i
d
e
n
t
i
c
a
l
 
i
n

e
t
r
u
c
t
u
r
a
.

1
7
.

T
h
e
 
o
l
f
a
c
t
o
r
y
n
e
r
v
e
s
 
a
r
e
 
t
h
e
 
s
p
e
c
i
a
l

n
e
r
v
e
s
 
f
o
r
-

s
o
o
t
h
 
l
o
c
a
t
e
d
 
i
n
 
t
h
e
 
n
a
s
a
l
p
a
s
s
a
g
e
s
.

1

2
8
,

T
h
e
 
p
i
t
u
i
t
a
r
t
c
l
 
i
s

a
 
s
m
a
l
l
,
 
v
a
c
u
o
l
a
r
 
e
n
d
o
c
t
r
i
n
e

g
l
a
n
d
 
a
t
t
a
c
h
e
d
 
t
o
 
t
h
e

i
n
f
u
n
d
i
b
u
l
u
o
 
o
f
 
t
h
e
 
b
r
a
i
n
.

I
t

i
n
t
e
r
a
c
t
s
 
w
i
t
h
 
o
t
h
e
r
 
e
n
d
o
c
r
i
n
e

g
l
a
n
d
s
.

3
1
9
.

T
h
e
 
a
e
o
n
 
o
f
 
t
h
e
 
b
l
o
o
d

i
s
 
t
h
e
 
f
l
u
i
d
 
p
a
r
t
 
o
f
 
t
h
e

b
l
o
o
d

a
n
d
 
d
i
f
f
e
r
s
 
f
r
o
m
 
t
h
e

B
e
r
m
 
i
n
 
t
h
a
t
 
I
t
 
c
o
A
t
a
i
n
s
 
t
h
e

a
n
t
e
c
e
d
e
n
t
 
s
u
h
s
t
a
m
e
 
o
f
f
i
b
r
i
n
 
i
n
 
c
i
d
i
t
i
o
n

t
o
 
t
h
e

c
o
n
s
t
i
t
u
e
n
t
s
 
o
f

s
e
r
u
m
.

1 1

2
0
.
 
h
a
j
o
i
s
r
e
 
f
i
n
g
e
r
l
i
k
e

g
r
o
w
t
b
e
 
o
n
 
t
h
a
 
i
n
n
e
r
s
u
r
f
a
c
e
 
o
f

t
h
e
 
l
a
r
g
e
 
i
n
t
e
s
t
i
n
e
s
.

2
1
.
 
P
r
o
c
r
e
a
t
i
o
n
a
n
d

a
r
e
 
t
h
e
 
s
e
x
 
g
l
a
n
d
s
 
(
t
h
o
s
e
 
g
l
a
n
d
s

u
s
e
d
 
f
o
r
 
r
e
p
r
o
d
u
c
t
i
o
n
.
)

2
2
.

T
h
e
 
t
h
y
r
o
i
d
 
i
s
a
 
l
a
r
g
e
 
d
u
c
t
l
e
s
s
 
g
l
a
n
d
 
i
n
 
t
h
e

n
e
c
k
 
w
h
i
c

r
e
l
e
a
s
e
s
 
a
 
h
o
r
m
o
n
e
,
 
t
h
y
r
o
x
i
n
e
,
 
w
h
i
c
h
a
f
f
e
c
t
s
 
t
h
e
 
b
a
s
a
l

s
e
t
a
b
o
l
i
e
m
 
r
a
t
e
 
o
f
 
t
h
e
b
o
d
y
.

1



i
t
t
e
n
a
i
s
i
t
e
 
k
n
o
w
l
e
d
g
e

4.
71

41
.1

11
0I

N
E

M
IN

4

T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

2
3
.

T
h
e
 
t
h
o
r
a
c
i
c
 
d
u
c
t
 
i
s
 
t
h
e
 
m
a
i
n
 
l
y
m
p
h
 
c
h
a
n
n
e
l
 
i
n
 
t
h
e

c
h
e
s
t
 
w
h
i
c
h
 
c
o
l
l
e
c
t
s

l
y
m
p
h
 
f
r
o
m
 
t
h
e
 
o
r
g
a
n
s
 
i
n
 
t
h
e

c
h
e
s
t
 
a
n
d
 
a
b
d
o
m
e
n
 
a
n
d
e
m
p
t
i
e
s
 
i
n
t
o
 
t
h
e
 
l
a
r
g
e
 
s
u
b
-

c
l
s
v
i
o
n
 
v
i
e
n
 
a
t
 
t
h
e
 
l
e
f
t
 
s
i
d
e
 
o
f
 
t
h
e

n
e
c
k
.

2
4
.

V
e
r
t
e
b
r
a
e
 
a
r
e
 
t
h
e
 
b
o
n
e
s
 
o
f
 
t
h
e
 
n
e
c
k
 
a
n
d
b
a
c
k
.

S
u
b
 
T
o
t
a
l
s

B
.

P
h
y
s
i
o
l
o
g
y

1
.

A
m
i
n
o
 
a
c
i
d
s
 
a
r
e
 
n
i
t
r
o
g
e
n
o
u
s

o
r
g
a
n
i
c
 
c
o
m
p
o
u
n
d
s
 
w
h
i
c
h

r
e
p
r
e
s
e
n
t
 
t
h
e
 
e
n
d
 
p
r
o
d
u
c
t
s
 
o
f
 
p
r
o
t
e
i
n
 
h
y
d
r
o
l
y
s
i
s
.

F
r
o
m
 
a
m
i
n
o
 
a
c
i
d
s
 
t
h
e
 
b
o
d
y
r
e
s
y
n
t
h
e
s
i
m
e
s
 
i
t
s
 
p
r
o
t
e
i
n
s
.

2
.
 
A
n
 
a
n
t
i
-
c
o
v
a
l
e
n
t
 
i
n
 
t
h
e
 
b
l
o
o
d
p
r
e
v
e
n
t
s
 
t
h
e
 
b
l
o
o
d

f
r
o
m
 
c
l
o
t
t
i
n
g
,
 
t
h
u
s

p
r
o
m
o
t
i
n
g
 
r
a
p
i
d
 
e
s
c
a
p
e
 
o
f
 
b
l
o
o
d

f
r
o
m
 
t
h
e
 
v
e
s
s
e
l
s
 
(
h
e
m
o
r
r
h
a
g
e
)
.

3
.

A
n
t
i
-
t
o
x
i
n
 
i
s
 
a
n
 
a
n
t
i
b
o
d
y
 
f
o
r
m
e
d
 
i
n
 
t
h
e

b
o
d
y
 
a
s
 
a

r
e
s
u
l
t
 
o
f
 
t
h
e
 
i
n
t
r
o
d
u
c
t
i
o
n
 
o
f
a
 
t
o
x
i
n
 
a
n
d
 
i
s
 
c
a
p
a
b
l
e

o
f
 
n
e
u
t
r
a
l
i
z
i
n
g
 
t
h
e

s
p
e
c
i
f
i
c
 
t
o
x
i
n
 
t
h
a
t
 
s
t
i
m
u
l
a
t
e
d

i
t
s
 
p
r
o
d
u
c
t
i
o
n
.

I
t
 
i
s
 
p
r
o
d
u
c
e
d
 
f
o
r
 
m
e
d
i
c
a
l

p
u
r
p
o
s
e
s
 
b
y
'

t
h
e
 
i
n
j
e
c
t
i
n
g
 
o
f
 
a
n
i
m
a
l
s
 
w
i
t
h
g
r
a
d
u
a
l
l
y
 
i
n
c
r
e
a
s
e
d
 
d
o
s
e
s

o
2
 
t
o
x
i
n
 
o
r
 
t
o
x
o
i
d
.

T
h
e
 
r
e
s
u
l
t
i
n
g
s
e
r
e
 
e
x
t
r
a
c
t
e
d

f
r
o
m
 
t
h
e
 
a
n
i
m
a
l
s
 
i
s
 
u
s
e
d

t
o
 
c
o
u
n
t
e
r
a
c
t
 
t
h
e
 
s
a
m
e
 
t
o
x
i
n

i
n
 
o
t
h
e
r
 
i
n
d
i
v
i
d
u
a
l
s
.

4
.

p
e
n
a
l
 
m
e
t
a
b
o
l
i
s
m
 
i
s
 
t
h
e
 
m
e
t
a
b
o
l
i
s
m
 
r
a
t
e
 
o
f
a
n
 
o
r
g
a
n
i
s
m

i
n
 
t
h
e
 
f
a
s
t
i
n
g
 
a
n
d

r
e
s
t
i
n
g
 
s
t
a
t
e
 
w
h
e
n
 
i
t
 
u
s
e
s
 
j
u
s
t

e
n
o
u
g
h
 
e
n
e
r
g
y
 
t
o
 
m
a
i
n
t
a
i
n
 
v
i
t
a
l
 
c
e
l
l
u
l
a
r
a
c
t
i
v
i
t
i
e
s
.

7
4
.

l
o
r
 
T
h
e
m
e
,

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

S
 
a
c
e

C
 
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

M
e
d
i
c
i
n
e

11
11

11
11

11
31

11
11

11
11

M
1
.

4
2
5

1

1 1

-
I



7
5
.

T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

P
r
e
m
u
i
s
i
t
e
 
K
n
o
w
l
e
s
t
a
,

5
.
 
C
a
r
b
o
r
a
t
e
s

a
r
e
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
s
 
c
o
m
p
o
s
e
d
o
f

c
a
r
b
o
n
,
 
h
y
d
r
o
g
e
n
,
 
a
n
d

o
x
y
g
e
n
 
s
u
c
h
 
a
s
 
s
u
g
a
r
s
 
a
n
d

s
t
a
r
c
h
s
 
a
n
d
a
r
e
 
u
t
i
l
i
z
e
d
 
i
n
 
t
h
e
 
b
o
d
y

a
s
 
a
 
s
o
u
r
c
e

o
f
 
e
n
e
r
g
y
.

6
.

C
h
o
l
e
s
t
e
r
o
l
 
i
s
a
 
f
a
t
 
l
i
k
e
 
s
u
b
s
t
a
n
c
e
 
w
h
i
c
h
 
h
a
s
a

t
e
n
d
e
n
c
y
 
t
o
 
a
c
c
u
m
u
l
a
t
e

i
n
 
t
h
e
 
a
r
t
e
r
i
e
s
 
i
f
n
o
t

a
d
e
q
u
a
t
e
l
y
 
b
r
o
k
e
n
 
d
o
w
n

i
n
 
t
h
e
 
b
o
d
y
.

7
.

T
h
e
 
c
o
a
g
u
l
a
t
i
o
n
 
t
i
m
e
 
o
f

t
h
e
 
b
l
o
o
d
 
i
s
 
t
h
e
 
t
i
m
e

i
t

t
a
k
e
s
 
f
o
r
 
t
h
e
 
b
l
o
o
d

t
o
 
c
l
o
t
.

8
 
i
m
m
a
x
e
 
c
a
t
a
l
y
t
i
c

s
u
b
s
t
a
n
c
e
s
 
m
a
n
u
f
a
c
t
u
r
e
d
 
b
y

l
i
v
i
n
g
 
c
e
l
l
s
 
t
h
a
t
 
h
a
v
e

a
 
s
p
e
c
i
f
i
c
 
a
c
t
i
o
n
 
i
n
 
p
r
o
-

m
o
t
i
n
g
 
a
 
c
h
e
m
i
c
a
l
 
c
h
a
n
g
e
.

9
.

E
n
d
o
c
r
i
n
o
l
o
g
i
c
a
l
 
c
h
a
n
g
e
s

i
n
v
o
l
v
e
 
c
h
a
n
g
e
s
 
i
n
 
t
h
e

e
n
d
o
c
r
i
n
e
 
g
l
a
n
d
s
 
a
n
d
/
o
r
t
h
e
i
r
 
s
e
c
r
e
t
i
o
n
 
o
f
 
h
o
r
m
o
n
e
s

i
n
t
o
 
t
h
e
 
b
l
o
o
d
 
s
t
r
e
a
m
.

1
0
.

G
l
u
c
o
s
e
 
i
s
 
o
n
e
 
o
f
 
t
h
e

s
i
m
p
l
e
 
s
u
g
a
r
s
 
u
s
e
d
 
b
y
 
t
h
e
b
o
d
y

f
o
r
 
e
n
e
r
g
y
.

1
1
.

G
r
e
e
n
 
a
l
g
a
e
 
a
r
e
 
a
b
l
e
 
t
o
c
a
r
r
y
 
o
n
 
t
h
e
 
p
r
o
c
e
s
s
 
o
f
 
p
h
o
t
o
-

s
y
n
t
h
e
s
i
s
 
a
n
d
 
t
h
u
s

u
s
e
 
c
a
r
b
o
n
 
d
i
o
x
i
d
e
 
a
n
d
 
r
e
l
e
a
s
e

o
x
y
g
e
n
 
i
n
 
t
h
e
 
p
r
e
s
e
n
c
e
 
o
f
 
s
u
n
l
i
g
h
t
.

1
!
2
.

G
r
e
e
n
 
p
l
a
n
t
s
,
 
t
h
r
o
u
g
h

t
h
e
 
p
r
o
c
e
s
s
 
o
f
 
p
h
o
t
o
s
y
n
t
h
e
s
i
s
,

u
t
i
l
i
s
e
 
t
h
e
 
c
a
r
b
o
n
 
d
i
o
x
i
d
e

o
f
 
t
h
e
 
a
i
r
 
a
c
i
d
r
e
t
u
r
n

o
x
y
g
e
n
 
t
o
 
t
h
e
 
a
i
r
.

1
4
4
1
:
I
r
h
e
c
l
e

A
u
t
o
m
a
t
i
o
n
-

F
u
c
 
l
e
a
r

S
 
a
c
e

e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
v
:
:

M
e
d
i
c
i
n
e

1
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T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

7
6
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

1
3
,
 
A

t
i
a
.
.
.
.
.
U
.
.
.
.
i
o
n
n
e
o
w
r
.
3
 
i
s
 
a
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
 
t
h
a
t

r
e
g
u
l
a
t
e
s
 
t
h
e
 
g
r
o
w
t
h
 
r
a
t
e
 
o
f

a
n
 
o
r
g
a
n
i
s
m
.

1
4
%
,

H
o
m
i
n
y
 
b
e
h
a
v
i
o
r
 
i
s
 
t
h
e
 
a
b
i
l
i
t
y
 
o
f
 
a
n
i
m
a
l
s
 
t
o
 
f
i
n
d

t
h
e
i
r
 
w
a
y
 
b
a
c
k
 
i
f
 
d
i
s
p
l
a
c
e
d
 
f
r
o
m

t
h
e
i
r
 
h
o
m
e
s
*

1
5
.

H
o
r
m
o
n
e
s
 
a
r
e
 
s
p
e
c
i
f
i
c

o
r
g
a
n
i
c
 
s
u
b
s
t
a
n
c
e
s
 
p
r
o
d
u
c
e
d

i
n
 
t
h
e
 
c
e
l
l
s
 
o
f
 
t
h
e
 
b
o
d
y
,

t
r
a
n
s
p
o
r
t
e
d
 
i
n
 
t
h
e
 
b
o
d
y

f
l
u
i
d
,
 
a
n
d
 
r
e
g
u
l
a
t
e
d
 
s
p
e
c
i
f
i
c
 
a
c
t
i
v
i
t
i
e
s
 
i
n
v
a
r
i
o
u
s

p
a
r
t
s
 
o
f
 
t
h
e
 
b
o
d
y
*

1
5
.

I
n
s
t
i
n
c
t
 
i
s
 
a
n
 
i
n
b
o
r
n
t
e
n
d
e
n
c
y
 
t
o
 
b
e
h
a
v
e
 
i
n
 
a
w
a
y

c
h
a
r
a
c
t
e
r
i
s
t
i
c
 
o
f
 
a
 
s
p
e
c
i
e
s
*

1
7
.

L
a
c
t
i
c
 
a
c
i
d
 
i
s
 
a
 
s
u
b
s
t
a
n
c
e
r
e
s
u
l
t
i
n
g
 
f
r
o
m
 
i
n
c
o
m
p
l
e
t
e

o
x
i
d
a
t
i
o
n
 
o
f
 
f
o
o
d
 
i
n
 
t
h
e
 
b
u
n
=
b
o
d
y
.

W
h
e
n
 
l
a
c
t
i
c

a
c
i
d
 
a
c
c
u
m
u
l
a
t
e
s
 
i
n
 
t
h
e
b
o
d
y
 
t
h
e
 
p
e
r
s
o
n
 
f
e
e
l
s
 
f
a
t
i
g
u
e
d
.

1
8
.

L
o
w
-
 
c
a
l
o
r
i
e
 
f
o
o
d
s
 
a
r
e
 
u
s
e
d
t
o
 
h
e
l
p
 
c
o
n
t
r
o
l
 
t
h
e
 
a
m
o
u
n
t

o
f
 
f
a
t
 
t
h
a
t
 
a
c
c
u
m
u
l
a
t
e
s
 
i
n
 
t
h
e

h
u
m
a
n
 
b
o
d
y
.

1
9
,
,

M
e
n
o
p
a
u
s
e
 
o
r
 
c
h
a
n
g
e
 
o
f
 
l
i
f
e
 
i
s
 
t
h
e
 
t
i
m
e

i
n
 
a
 
w
o
m
a
n
'
s

l
i
f
e
 
w
h
e
n
 
m
e
n
s
t
r
u
a
t
i
o
n
c
e
a
s
e
s
.

2
0
,

p
e
t
a
b
o
l
i
s
m
 
i
s
 
t
h
e
p
r
o
c
e
s
s
 
i
n
 
o
r
g
a
n
i
s
m
s
 
b
y
 
w
h
i
c
h

p
r
o
t
o
p
l
a
m
m
 
i
s
 
f
o
r
m
e
d
 
f
r
o
m
 
f
o
o
d
 
a
n
d
 
b
r
o
k
e
n

d
o
w
n

i
n
t
o
 
w
a
s
t
e
 
m
a
t
t
e
r
 
w
i
t
h
 
t
h
e

r
e
l
e
a
s
e
 
o
f

e
n
e
r
g
y
.

2
1
.

M
o
l
e
c
u
l
a
r
 
b
i
o
l
o
g
y
 
i
s
 
t
h
e

s
t
u
d
y
 
o
f
 
l
i
f
e
 
p
r
o
c
e
s
s
e
s

i
n
 
t
e
r
m
s
 
o
f
 
c
h
e
m
i
c
a
l

a
c
t
i
o
n
.

M
a
i
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
U
e
l
e
a
r

S
 
a
c
e

e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

Z
i
l
e

1 1

1

M
e
d
i
c
i
n
e
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T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
s

11
11

11
1

.M
IN

IN
IE

)
7
.

,
(
a
t
i
o
r
 
T
h
e
m
e

A
u
t
o
s
s
e
.
t
i
o
n
,

N
u
c
l
e
a
r

r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

M
e
d
i
c
i
n
e

2
2
.

N
u
t
r
i
t
i
o
n
 
i
s
 
t
h
e
 
s
u
m
 
o
f
 
t
h
e
p
r
o
c
e
s
s
e
s
 
b
y
 
w
h
i
c
h
 
a
n
 
a
n
i
-

m
a
l

o
r
.
 
p
l
a
n
t
 
t
a
k
e
s
 
i
n
 
a
n
d
 
u
t
i
l
i
z
e
s
 
f
o
o
d

s
u
b
s
t
a
n
c
e
s
.

2
1
,

O
x
y
g
e
n
a
t
e
 
m
e
a
n
s
 
t
o
i
m
p
r
e
g
n
a
t
e
 
o
r
 
c
o
m
b
i
n
e
 
w
i
t
h
o
x
y
g
e
n
.

2
4
.

D
a
g
e
n
 
d
e
b
t
 
o
c
c
u
r
s
 
w
h
e
n
 
t
h
e
 
l
e
v
e
l
 
o
f
o
x
y
g
e
n
 
i
n
 
t
h
e

b
l
o
o
d
 
i
s
 
b
e
l
o
w
 
t
h
a
t

r
e
q
u
i
r
e
d
 
f
o
r
 
p
r
o
p
e
r
 
m
e
t
a
b
o
l
i
s
m
.

2
5
.

P
a
v
l
o
v
'
s
 
c
o
n
d
i
t
i
o
n
e
d
 
r
e
f
l
e
x

e
x
p
e
r
i
m
e
n
t
 
w
a
s
 
a
 
s
t
u
d
y
 
o
f

r
e
f
l
e
x
 
a
c
t
i
o
n
s
 
i
n
d
p
g
s
 
a
n
d
 
w
a
y
s
 
i
n
 
w
h
i
c
h

t
h
e
y
 
c
o
u
l
d

b
e
 
a
l
t
e
r
e
d
.

B
e
 
c
o
n
d
i
t
i
o
n
e
d
 
d
o
g
s

t
o
 
r
e
l
e
a
s
e
 
s
a
l
i
v
a
 
i
n

r
e
s
p
o
n
s
e
 
t
o
 
a
 
v
a
r
i
e
t
y
 
o
f
 
s
t
i
m
u
l
i
 
w
h
i
c
h
 
d
i
d
n
o
t
 
o
r
i
g
i
-

n
a
l
l
y
 
c
a
u
s
e
 
t
h
e
 
d
o
g
s
 
t
o

s
e
c
r
e
t
e
 
s
a
l
i
v
a
.

2
6
.

P
e
r
i
s
t
a
l
s
i
t
a
r
e
 
c
o
n
t
r
a
c
t
i
o
n
s
 
i
n
 
t
h
e

i
n
t
e
s
t
i
n
e
s
 
o
c
c
u
r
-

i
n
g
 
i
n
 
w
a
v
e
s
 
w
h
i
c
h
 
p
r
o
p
e
l
 
t
h
e

i
n
t
e
s
t
i
n
a
l
 
c
o
n
t
e
n
t
s

o
n
-

w
a
r
d
 
o
r
 
b
a
c
k
w
a
r
d
 
i
n
 
t
h
e

c
a
s
e
 
o
f
 
r
e
v
e
r
s
e
 
p
e
r
i
s
t
a
l
s
i
s
.

2
7
.

P
r
o
t
e
i
n
s
,
 
c
a
r
b
o
h
y
d
r
a
t
e
s
,

v
i
t
a
m
i
n
s

a
n
d
 
m
i
n
e
r
a
l
s

a
r
e

c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
s
 
e
s
s
e
n
t
i
a
l

t
o
 
t
h
e
 
p
r
o
p
e
r

f
u
n
c
t
i
o
n
i
n
g

o
f
 
t
h
e
 
h
u
m
a
n
 
b
o
d
y
.

P
s
y
c
h
o
l
o
g
i
c
a
l
 
s
e
t
-
b
a
c
k
s

a
r
e
 
c
h
a
n
g
e
s
 
i
n
 
t
h
e
 
e
m
o
t
i
o
n
a
l

s
t
a
t
e
 
o
f
 
a
n
 
i
n
d
i
v
i
d
u
a
l
.

2
9
.

R
e
f
l
e
x
 
r
e
s
p
o
n
s
e
s

a
r
e
 
a
c
t
s
,
 
s
u
c
h
 
a
s
 
*
m
o
v
e
m
e
n
t
,
 
p
e
r
-

f
o
r
m
e
d
 
a
u
t
o
m
a
t
i
c
a
l
l
y

a
n
d
 
w
i
t
h
o
u
t
 
c
o
n
s
c
i
o
u
s
v
o
l
i
t
i
o
n

a
n
d
 
a
r
e
 
a
c
o
n
s
e
q
u
e
n
c
e
 
o
f
 
a
 
n
e
r
v
e
 
i
m
p
u
l
s
e
.

3
0
.
 
.
A
.
 
r
e
f
l
e
x
a
c
t
i
o
n
 
i
s
 
a
n
 
i
n
v
o
l
u
n
t
a
r
y

a
c
t
i
o
n
 
d
u
e
 
t
o
 
t
h
e

d
i
r
e
c
t
 
t
r
a
n
s
m
i
s
e
i
o
n
 
o
f

a
 
s
t
i
m
u
l
u
s
 
t
o
 
a
 
m
u
s
c
l
e

o
r
 
g
l
a
n
d
.
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T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

P
r
e
r
e
v
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

f
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
b
c
l
e
a
r

S
 
a
c
e

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

l
i
k
d
i
c
:
_
t
a
t
.

3
1
.

S
y
s
t
e
m
i
c
 
r
f
a
c
t
i
o
n
s
 
a
r
e
 
t
h
o
s
e
 
r
e
a
c
t
i
o
n
s
 
w
h
i
c
h
 
e
f
f
e
c
t

t
h
e
 
b
o
d
y
 
a
s
 
a
 
w
h
o
l
e
.

3
2
.

l
u
s
d
e
m
 
i
s
 
a
 
m
a
l
e
 
s
e
x
 
h
o
r
m
o
n
e
 
p
r
o
d
u
c
e
d
b
y
 
t
h
e

t
e
s
t
e
s
.

3
3
.

a
i
r
m
a
n
 
i
s
 
a
 
h
o
r
m
o
n
e
 
p
r
o
d
u
c
e
d
 
b
y
 
t
h
e

t
h
y
r
o
i
d
 
g
l
a
n
d
.

Z
4
.

A
l
g
a
i
s
s
u
b
s
t
a
n
c
e
 
i
s
 
a
 
p
o
i
s
o
n
o
u
s
 
s
u
b
s
t
a
n
c
e
.

3
5
.
 
I
s
t
a
l
i
 
i
s

a
 
p
o
i
s
o
n
 
w
h
i
c
h
 
h
a
s
 
b
e
c
o
m
e
 
i
n
a
c
t
i
v
a
t
e
d
 
b
u
t

w
h
i
c
h
 
r
e
t
a
i
n
s
 
i
t
s

a
b
i
l
i
t
y
 
t
o
 
s
t
i
m
u
l
a
t
e
 
t
h
e
 
f
o
r
m
a
t
i
o
n

o
f
 
a
n
t
i
b
o
d
i
e
s
 
w
i
t
h
i
n
 
t
h
e

b
o
d
y
.

36
. V

br
at

ia
t s

tf
ar

sl
i
o
f
 
t
h
e
 
f
i
n
g
e
r
s
m
e
a
n
s
 
t
o
 
e
x
c
i
t
e
 
t
h
e

0
4
2
7
0

v
i
b
r
a
t
i
o
n
s
.

a
l
b
a
 
f
i
n
g
e
r
s

t
h
r
o
u
g
h
 
t
h
e
 
u
s
e
 
o
f

3
7
.

1
:
r
V
I
D

i
s
n
e
c
e
s
s
a
r
y
 
f
o
r
 
t
h
e
 
u
t
i
l
i
z
a
t
i
o
n
 
o
f
 
c
a
l
c
i
u
m

h
u
m
a
n
 
b
o
d
y
.

3
S
.
 
A
 
w
e
l
l
-

s
d
 
n
u
t
r
i
t
i
o
u
s
m
l
 
c
o
n
s
i
s
t
s
 
o
f
 
t
h
e

p
r
o
p
e
r

a
m
o
u
n
t
s
 
o
f

f
o
o
d
s
 
t
h
a
t
 
s
u
p
p
l
y
a
n
 
a
d
e
q
u
a
t
e
 
a
m
o
u
n
t

o
f
 
p
r
o
t
e
i
n
,

c
a
r
b
o
h
y
d
r
a
t
e
,
 
v
i
t
a
m
i
n
s
,
 
a
n
d
 
m
i
n
e
r
a
l
s
.

3
9
.
 
A
 
g
o
o
d

v
a
r
i
e
t
y
 
o
f
 
f
o
o
d
s
 
w
i
l
l
 
p
r
o
v
i
d
e
 
t
h
e
 
n
e
e
d
e
d
v
i
t
a
m
i
n
s
,

m
a
k
i
n
g
 
i
t
 
u
n
n
e
c
e
s
s
a
r
y
 
t
o
 
t
a
k
e
 
v
i
t
a
m
i
n

p
i
l
l
s
.

S
u
b
 
T
o
t
a
l

1 4

1
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4
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T
A
B
L
E
 
I
I
I

(
c
o
n
t
i
n
u
e
d
)

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

a
c
e

C
.

D
i
s
e
a
s
e
s
 
a
n
d
 
D
i
s
o
r
d
e
r
s

1
.

A
c
n
e
 
i
s
 
a
 
c
h
r
o
n
i
c
 
i
n
f
l
a
m
m
a
t
o
r
y
 
c
o
n
d
i
t
i
o
n
o
f
 
t
h
e

f
o
l
l
i
c
l
e
s
 
a
n
d
 
s
e
b
a
c
e
o
u
s
g
l
a
n
d
s
 
o
f
 
t
h
e
 
s
k
i
n
 
u
s
u
a
l
l
y
 
i
n
-

v
o
l
v
i
n
g
 
t
h
e
 
f
a
c
e
,
 
b
a
c
k
,
 
a
n
d
 
c
h
e
s
t
.

2
.

A
n
 
a
l
l
e
r
g
y
 
i
s
&
h
y
p
e
r
s
e
n
s
i
t
i
v
i
t
y
 
o
f
 
t
h
e
 
b
o
d
y
 
t
o
 
a

s
p
e
c
i
f
i
c
 
s
u
b
s
t
a
n
c
e
 
(
a
s
 
p
o
l
l
e
n
,
 
d
u
s
t
,
 
c
e
r
t
a
i
n

f
o
o
d
s
,

e
t
c
.
)
 
o
r
 
c
o
n
d
i
t
i
o
n
 
(
a
s
 
h
e
a
t
,

c
o
l
d
,
 
e
t
c
.
)
.

3
.

A
n
 
a
m
e
b
i
c
 
i
n
f
e
c
t
i
o
n
 
i
s
 
c
a
u
s
e
d
b
y
 
a
n
 
a
m
e
b
a
 
w
h
i
c
h
 
i
s

a
 
o
n
e
 
-
 
c
e
l
l
e
d
 
o
r
g
a
n
i
s
m
.

4
.
 
A
n
a
n
a
i
s

a
t
e
 
d
i
s
e
a
s
e
 
n
a
r
k
e
d
 
b
y
 
a
t
t
a
c
k
s
 
o
f
 
c
h
o
k
i
n
g

o
r
 
s
u
f
f
o
c
i
a
t
i
o
n
.

5
.

A
n
g
i
n
a
 
P
e
c
t
o
r
i
s
 
i
s
 
a
 
p
a
i
n
 
i
n
 
t
h
e
 
c
h
e
s
t
,
 
s
o
m
e
t
i
m
e
s

r
a
d
i
a
t
i
n
g
 
t
o
 
t
h
e
 
l
e
f
t
 
a
r
m
 
c
a
u
s
e
d
 
b
y
a
 
!
p
a
s
s
 
o
f
 
t
h
e

c
a
r
d
i
a
c
 
m
u
s
c
l
e
 
o
f
 
t
h
e
 
h
e
a
r
t
.

6
.

A
s
t
h
m
a
 
i
s
 
a
 
c
o
n
d
i
t
i
o
n
 
c
h
a
r
a
c
t
e
r
i
s
e
d
b
y
 
d
i
f
f
i
c
u
l
t
y
 
i
n

b
r
e
a
t
h
i
n
g
,
 
r
e
c
u
r
r
i
n
g
 
a
t
 
i
n
t
e
r
v
a
l
s
,

a
c
c
o
m
p
a
n
i
e
d
 
b
y
 
a

w
h
e
e
z
i
n
g
 
s
o
u
n
d
,
 
c
o
u
g
h
,
 
a
n
d
a
 
s
e
n
s
e
 
o
f
 
c
o
n
s
t
r
i
c
t
i
o
n

o
f
 
t
h
e
 
c
h
e
s
t
.

I
t
 
i
s
 
u
s
u
a
l
l
y
 
d
u
e
 
t
o
a
 
h
y
p
e
r
s
e
n
s
i
t
i
v
e
n
e
s
s

t
o
 
i
n
h
a
l
e
d
 
o
r
 
i
n
g
e
s
t
e
d
 
s
u
b
s
t
a
n
c
e
s
.

7
.

...
.s

ta
m

in
te

aB
ae

n
i
s
 
a
n
 
i
n
f
l
a
m
m
a
t
i
o
n
 
o
f
 
t
h
e

l
a
r
g
e

I
n
t
e
s
t
i
n
e
 
c
a
u
s
e
d
 
b
y
 
c
e
r
t
a
i
n
b
a
c
t
e
r
i
a
.

8
.

B
l
e
a
l
g
l
i
g
u
m
 
i
s
 
a
n
 
i
n
f
l
a
m
m
a
t
i
o
n
 
o
f
 
t
h
e

k
i
d
n
e
y
s
.

7
9
.

M
a
i
m
 
T
a
m
e

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

r
n
e
t
i
c
s

S
c
i
e
n
c
e

R
u
e

M
e
d
i
c
i
n
e

2

2 4 I 1 1 2 1 1



T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

8
0
.

P
r
u
n
q
s
1
.
;
_
t
g
e

l
e
d
l
n
o
w
 
e

41
10

11
11

I

B
r
o
n
c
h
i
a
l
 
a
s
t
h
m
a
 
i
s
 
a
 
d
i
s
e
a
s
e
 
c
h
a
r
a
c
t
e
r
i
s
e
d
b
y
 
d
i
f
-

f
i
c
u
l
t
y
 
i
n
 
b
r
e
a
t
h
i
n
g
 
d
u
e
 
t
o
 
a
 
s
p
a
s
m
a
t
i
c
 
c
o
n
t
r
a
c
t
i
o
n

o
f
 
t
h
e
 
b
r
o
n
c
h
i
 
o
r
 
w
i
n
d
p
i
p
e
.

1
0
.

b
u
b
o
n
i
c
 
p
l
a
m
 
r
e
f
e
r
s
 
t
o
 
a
 
c
o
n
t
a
g
i
o
u
s
 
d
i
s
e
a
s
e
,
 
u
s
u
a
l
-

l
y
 
f
a
t
a
l
,
 
t
r
a
n
s
m
i
t
t
e
d
 
b
y
 
f
l
e
a
s
 
f
r
o
m
 
i
n
f
e
c
t
e
d

a
n
i
m
a
l
s
,

e
s
p
e
c
i
a
l
l
y
 
r
o
d
e
n
t
s
.

1
1
.

C
e
r
t
a
i
n
 
a
n
i
m
a
l
s
 
c
a
n
 
a
c
t

a
s
 
c
a
r
r
i
e
r
s
 
o
f
 
a
 
d
i
s
e
a
s
e
,
 
t
h
a
t

i
s
,
 
t
h
s
y
 
m
a
y
 
b
e
 
i
n
f
e
c
t
e
d
 
T
v
i
t
h
 
t
h
e
 
d
i
s
e
a
s
e
o
r
 
s
e
r
v
e
 
a
s

a
 
s
o
u
r
c
e
 
o
f
 
a
 
p
a
r
t
i
c
u
l
a
r
-
d
i
s
e
a
s
e
.

I
n
s
e
c
t
s
,
 
b
i
t
i
n
g
 
t
h
e
s
e

c
a
r
r
i
e
r
s
,
 
m
a
y
 
t
h
e
n
 
t
r
a
n
s
m
i
t
 
t
h
e
s
e
 
d
i
s
e
a
s
e
s

t
o
 
o
t
h
e
r

a
n
i
m
a
l
s
 
t
h
a
t
 
t
h
e
y
 
b
i
t
e
.

1
2
.

C
h
o
a
d
r
o
d
»
t
r
o
n
h
v
 
i
s
 
a
 
b
i
r
t
h
 
d
e
f
e
c
t

c
h
a
r
a
c
t
e
r
i
z
e
d
 
b
y
 
i
m
-

p
e
r
f
e
c
t
 
b
o
n
e
 
f
o
r
m
a
t
i
o
n
 
r
e
s
u
l
t
i
n
g
 
i
n
 
d
w
a
r
f
s
.
-

1
3
.

C
h
r
o
n
i
c
 
b
r
o
n
c
h
i
t
i
s
 
i
s
a
n
 
i
n
f
l
a
m
m
a
t
i
o
n
 
o
f
 
t
h
e
 
m
u
c
o
u
s

m
e
a
t
y

b
r
a
n
s
 
o
f
 
t
h
e
 
b
r
o
n
c
h
i
a
l

t
u
b
e
s
,
 
u
s
u
a
l
l
y
 
o
f
 
l
o
n
g
 
d
u
r
a
t
i
o
n
.

1
4
.
 
A
 
c
h
r
o
n
i
c
 
d
i
s
e
a
s
e
 
i
s
o
f
 
l
o
n
g
 
d
u
r
a
t
i
o
n
 
a
n
d
 
i
s
 
c
h
a
r
a
c
t
e
r
-

'
 
i
c
e
d
b
y
 
s
l
o
w
l
y
p
r
o
v
e
s
s
i
n
g

s
y
s
p
t
o
m
s
.

1
5
.

C
i
r
r
o
b
o
s
i
s
 
i
s
 
a
n
 
i
n
f
l
a
m
m
a
t
o
r
y

d
i
s
e
a
s
e
 
o
f
 
t
h
e
 
l
i
v
e
r

a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
t
h
e
r
e
p
l
a
c
e
m
e
n
t
 
o
f
 
l
i
v
e
r
 
c
e
l
l
s
 
b
y

f
i
b
r
o
u
s
 
t
i
s
s
u
e
 
w
h
i
c
h
e
v
e
n
t
u
a
l
l
y
 
o
b
s
t
r
u
c
t
s
 
t
h
e
 
f
l
o
w

o
f
 
b
l
o
o
d
 
t
h
r
o
u
g
h
 
t
h
e

l
i
v
e
r
.

U
.
 
C
o
r
o
n
a
r
y
 
t
h
r
o
O
b
o
s
i
s

i
s
 
a
 
c
l
o
t
t
i
n
g
 
o
f
 
t
h
e
 
b
l
o
o
d
i
n

t
h
e
c
o
r
o
n
a
r
y
 
a
r
t
e
r
y
.

kl
ai

or
 T

he
m

e.
A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

a
c
e

C
E
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
a
.
.
.
.
.
A
_
i
d
t
s
t
a
l

1
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T
A
B
L
E
 
I
I
I

(
c
o
n
t
i
n
u
e
d
)

P
r
e
r
e
t
u
i
f
i
t
e
 
I
t
n
o
w
l
e
l
y
t
e

1
7
.

C
y
s
t
i
c
 
f
i
b
r
o
s
i
s
 
i
s
 
a
 
h
e
r
e
d
i
t
a
r
y
 
d
i
s
e
a
s
e
o
f
 
i
n
f
a
n
t
s
 
a
n
d

y
o
u

c
h
i
l
d
r
e
n
 
c
h
a
r
a
c
t
e
r
i
s
e
d
 
b
y
 
t
h
e
p
r
o
s
e
m
c
e
 
o
f
 
c
y
s
t
s

a
n
d
 
e
n
e
e
s
a
i
v
e
 
f
i
b
r
o
u
s
 
t
i
s
s
u
e
 
i
t
g
l
a
n
d
u
l
a
r
 
o
r
g
a
n
s
 
(
s
u
c
h

a
s
 
t
h
e
 
p
a
n
c
r
e
a
s
 
a
M
 
l
u
n
g
s
)
 
a
n
d
 
b
y
e
x
c
e
s
s
 
m
u
c
o
u
s
 
s
e
c
t
s
-

t
i
o
m
 
A
l
i
a
 
c
a
u
s
e
s
 
a
 
b
l
o
c
k
i
n
g
 
o
f
r
e
s
p
i
r
a
t
o
r
y
 
p
a
s
s
a
g
e
s
.

1
8
.

A
l
r
e
m
b
i
u
t
 
i
s
 
a
 
m
e
d
i
c
a
l
 
d
o
c
t
o
r
 
M
h
o
 
s
p
e
c
i
a
l
i
s
e
s
 
i
n

d
i
g
r
e
s
s
e
s
 
o
f
 
t
h
e
 
s
k
i
t
.

1
9
.
 
A
 
l
a
g
i
a
t
i
n
s
i
m
 
e
x
i
s
t
s
 
v
e
t
i
o
n

t
h
e
 
o
e
s
s
o
r
y
 
*
u
m
b
r
a
e
*
 
t
h
a
t

l
i
m
e
s
 
t
h
e
 
b
a
c
k
 
o
f
 
t
h
e

e
y
e
 
h
a
s
 
b
e
c
a
m
e
 
d
e
t
a
c
h
e
d
 
f
r
o
m
 
t
h
e

b
a
c
k
 
o
f
 
t
h
e

e
y
e
.

2
0
.
 
D
i
a
b
e
t
e
s
 
i
s

a
 
d
i
s
e
a
s
e
 
o
f
 
t
h
e
 
b
o
d
y
,
 
c
a
u
s
e
d
 
b
y
 
i
t
s
 
i
n
-

a
b
i
l
i
t
y
 
t
o
 
'
M
i
l
l
i
e
 
i
n
g
e
s
t
e
d
s
u
g
a
r
s
.

2
1
.

i
l
m
i
r
t
i
g
u
i
o
s
i
e
 
i
s

a
n
 
i
n
f
l
o
m
m
a
t
i
o
a
 
o
f
 
a
 
d
i
v
e
r
t
i
c
u
l
t
a
,

t
h
a
t
,
 
i
s
,
 
a
n
 
o
u
t
p
a
s
c
h
i
m
g
o
r
 
s
a
c
 
b
r
a
n
c
h
i
n
g
 
f
r
o
m
 
t
h
e

b
o
w
e
l

2
2
.

a
p
b
v
s
e
m
s
,
 
i
s
 
a
 
c
o
n
d
i
t
i
o
n
 
i
n
 
w
h
i
c
h
 
t
h
e
 
a
i
r

s
p
a
c
e
s
 
o
f

t
h
e
 
l
u
m
p
 
a
r
e
 
e
n
l
a
r
g
e
d
a
s
k
i
n
g
 
b
r
e
a
t
k
t
a
g
 
m
o
r
e
 
d
i
f
f
i
c
u
l
t
.

2
3
.

I
n
c
e
e
h
a
l
i
c
i
s
 
o
r
 
s
l
e
e
p
i
n
g
 
s
i
c
k
n
e
s
s
 
i
s
a
 
d
i
s
e
a
s
e
 
c
a
n
t
e
d

b
y
 
a
 
v
i
t
a
 
I
h
i
e
b
 
p
r
o
d
.
'
s
,
 
a
s
 
i
m
f
l
a
m
m
e
t
i
o
m
o
f
 
t
h
e
 
b
r
a
i
n

a
m
d
 
i
s
 
e
m
e
m
o
m
l
y
 
t
r
a
m
s
m
i
t
t
e
d
t
o
 
b
i
r
o
s
 
b
y
 
t
h
e
 
b
i
t
s
 
o
f

t
h
e
 
f
e
m
a
l
e
 
C
o
l
e
s
m
o
s
q
u
i
t
o
.

2
4
.

S
e
v
e
r
a
l
 
t
y
p
e
s
 
o
f
i
m
g
e
g
l
i
s
k
 
e
x
i
s
t
,
 
t
h
e
 
m
i
l
d
 
S
t
.

L
o
u
i
s
 
t
y
p
e
 
a
n
d
 
t
h
e
m
o
r
e
 
s
e
v
e
r
e
 
E
a
s
t
e
r
n
 
t
y
p
e
.

8
1
.

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

l
a
c
e

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e
E
a
l
r
i
t

I I 1 1 3 1



T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

8
2
.

P
r
e
r
e
e
l
l

t
a
t
r
s
l
o
w
l
e
d

S
p
a
c
e

I
n
t
o
n
a
t
i
o
n
-

S
c
i
e
n
c
e

N
u
c
l
e
a
r

M
e
d
i
c
i
n
e

C
f
t
m
e
t
i
c
s

E
n
e
s
a
l
r

2
5
.
 
A
n

l
a
s
s
i
e
 
d
i
s
e
a
s
e
 
i
s
 
a
 
d
i
s
e
a
s
e
 
t
h
a
t
 
i
s

p
r
e
v
a
l
e
n
t
 
a
n
d

s
p
r
e
a
d
s
 
r
a
p
i
d
l
y
 
a
m
o
m
g
 
p
e
o
p
l
e
 
i
n
 
a
 
c
o
m
m
u
n
i
t
y
.
.
.

2
6
.

S
o
i
l

i
s
 
a
 
n
e
r
v
o
u
s
 
d
i
s
o
r
d
e
r
 
a
c
c
o
m
p
a
n
i
e
d
 
b
y
p
e
r
i
o
d
i
c

c
g
l
o
m
s
 
a
m
d
 
l
o
s
s
 
o
f
 
c
o
n
s
c
i
o
u
s
n
e
s
s
.

2
7
.
 
p
v
c
h
r
o
b
l
a
f
t
e
s
i
s
 
W
a
l
l
s
 
i
s

a
n
 
a
n
e
m
i
a
 
o
f
 
t
h
e
 
n
e
w
b
o
r
n

o
c
c
u
r
i
n
 
A
s
a
 
a
 
m
o
t
h
e
r
 
i
s
 
R
I
 
n
e
g
a
t
i
v
e
 
a
n
d
 
d
e
v
e
l
o
p
s

a
n
t
i
b
o
d
i
e
s
 
a
g
a
i
n
s
t
 
h
e
r
 
u
n
b
o
r
n
 
c
h
i
l
d
 
r
h
o
 
i
s
I
I

p
o
s
i
t
i
v
e
.

2
8
.

e
u
n
u
c
h
 
i
s
 
a
 
c
a
s
t
e
r
a
t
e
d
m
e
n
.

2
9
.

I
l
b
r
o
s
i
t
i
,
 
i
s
 
t
h
e
 
o
v
e
r
g
r
o
w
t
h
 
o
f
 
f
i
b
r
o
u
s
 
t
i
s
s
u
e
 
d
u
e

t
o
 
a
s
 
i
n
j
u
r
y
 
o
r
 
i
n
f
l
a
m
m
a
t
i
o
n
 
i
n
 
t
h
e

a
r
e
a
.

i
s
 
a
 
c
a
s
t
o
f
f
 
l
a
y
e
r
 
o
r
 
c
o
v
e
r
i
n
g
 
o
f

t
i
s
s
u
e
 
r
i
c
h
 
h
a
s
 
d
e
c
a
y
e
d
 
a
s

a
 
r
e
s
u
l
t
 
o
f
 
c
o
n
-

s
t
r
i
c
t
e
d
 
b
l
o
o
d
 
s
u
p
p
l
y
.

3
1
.

C
a
s
t
r
o
-
 
U
W
.
0
1
m
l
 
d
i
s
e
a
s
e
s
a
r
e
 
t
h
o
s
e
 
r
e
l
a
t
i
n
g
 
t
o

t
h
e
 
s
t
o
n
e
d
'
 
a
m
d
 
i
m
t
e
s
t
i
m
e
s
.

3
2
.

T
h
e

o
f
 
d
i
s
e
a
s
e
 
s
t
a
t
e
s
 
t
h
a
t

l
i
s
i
n
g

o
r
g
a
n
i
s
m
s

e
a
c
h
 
a
s
 
b
a
c
t
e
r
i
a
,
 
b
o
n
g
o
s
,

p
r
o
t
o
s
o
a
,
 
S
i
t
e
.
}

a
r
e
 
r
e
s
p
e
m
s
i
b
l
e
 
f
o
r
 
v
a
r
e
l
o
w
s
 
d
i
s
e
a
s
e
s
 
o
f
 
b
l
o
w
s
b
e
i
n
g
s
.

T
h
e
 
v
i
r
u
s
 
t
h
e
o
r
y
 
o
f
 
d
i
s
e
a
s
e

s
t
a
t
e
s
 
t
h
a
t
 
v
i
r
u
s
e
s

(
c
o
u
p
l
e
r
 
p
r
o
t
e
i
n
 
m
o
l
o
c
*
1
4
s
,
 
h
a
v
i
n
g
 
n
o
 
n
u
c
l
e
u
s
,

c
y
t
o
p
l
a
s
m
,
 
e
t
c
.
)
 
a
r
e
 
r
e
s
p
o
m
s
i
b
l
e
 
f
o
r
 
v
a
r
i
o
u
s

d
i
s
e
a
s
e
s
.

1
6 2 1



T
A
B
U

II
I

(c
oa

tia
se

d)

P
r
e
r
e
v
a
i
s
i
p
e
 
E
w
e
 
l
e
i
s
*

11
11

11
11

1P
,

3
3
.

s
i
b
s
t
a
n
c
e
s
 
a
r
e
 
t
h
o
s
e
 
p
r
o
d
u
c
i
n
g
 
o
r
 
t
e
n
d
i
n
g

t
o

a
 
g
o
i
t
e
r
.

3
4
.

i
s
 
a
 
v
e
n
e
r
e
a
l
 
i
n
f
e
c
t
i
o
n
 
u
b
i
c
h
 
c
a
n
o
e
s
 
i
n
f
l
a
m
e
-

t
i
c
s
 
o
f
 
t
h
e
 
l
i
n
i
n
g
 
o
f
 
t
h
e
 
g
e
n
i
t
a
l
 
o
r
g
a
n
s
.

3
5
.

i
s
 
c
a
u
s
e
d
 
b
y
 
a
n
 
e
x
c
e
s
s
 
o
f
 
u
r
i
c
 
a
c
i
d
 
i
n
 
t
h
e
 
b
l
o
o
d

c
a
w
e
d
 
b
y
 
a
 
f
e
l
l
e
r
s
 
i
n
 
t
h
e
 
m
e
t
a
b
o
l
i
c
 
p
r
o
c
e
s
s
 
t
o
 
e
l
i
m
i
-

n
a
t
e
 
t
h
i
s
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
 
i
n
 
t
h
e
 
b
o
d
y
.

3
6
.

G
o
u
t
y
 
a
r
t
h
r
i
t
i
s
 
i
s
 
a
m
 
i
n
f
l
a
a
g
e
t
i
o
n
 
a
b
o
u
t
 
a
 
J
o
i
n
t
 
c
a
u
s
e
d

b
y
 
e
x
c
e
s
s
 
u
r
i
c
 
a
c
i
d
 
i
s
 
t
h
e
 
b
k
o
d
.

3
7
.

l
a
r
d
e
a
f
n
a
 
o
f
 
t
h
e
 
a
r
t
e
r
i
e
s
 
i
s
 
a
w
n
e
d
 
b
y
 
a
n
 
e
x
c
e
s
s
 
a
c
c
u
m
u
-

l
a
t
i
o
n
 
o
f
 
c
h
o
l
e
s
t
e
r
o
l
 
i
n
 
t
h
e
 
a
r
t
e
r
i
e
s
 
w
h
i
c
h
 
r
e
s
u
l
t
s
 
i
n

a
 
c
o
n
s
t
r
i
c
t
i
o
n
 
i
n
 
b
l
o
o
d
 
f
l
o
w
.

3
6
.
 
p
a
r
t
-
b
l
o
c
k
 
i
s
 
a
 
d
i
s
o
r
d
e
r
 
i
n
 
t
h
e
 
t
r
a
u
m
a
:
1
2
A
m
 
o
f
 
t
h
e

h
e
a
r
t
 
b
e
a
t
 
f
r
o
m
 
t
h
e
 
a
t
r
i
u
m
 
t
o
 
t
h
e
 
v
e
n
t
r
i
c
l
e
.

Is
aa

is
 a

 v
er

y 
sa

pi
d 

di
sa

bs
sa

gs
o
r

lo
ss

 o
f 

bl
oo

d
bl

oo
d
v
e
s
s
e
l
.

4
0
.

i
s
 
a
n
 
e
n
l
a
r
g
e
d
 
b
l
o
o
d
 
v
e
s
s
e
l
 
w
i
t
h
i
n
 
t
h
e
 
r
e
g

o
f
 
t
h
e
 
a
n
u
s
.

4
1
.
 
A
l
m
e
o
g
i
k
i
s
 
a
 
p
r
o
t
r
u
s
i
o
n
 
o
f
 
a
n
 
o
r
g
a
n
,
 
e
s
p
e
c
i
a
l
l
y
 
a
 
p
a
r
t

o
f
-
d
i
-
i
n
t
e
s
t
i
n
e
,
 
t
h
r
o
u
g
h
 
a
 
t
e
a
r
 
o
r
 
b
o
l
e
 
i
n
 
t
h
e
 
w
a
l
l

s
u
r
r
o
u
n
d
i
n
g
 
t
h
e
 
s
t
r
u
c
t
u
r
e
.

i
M
S
A
M
I
t

M
st

m
at

io
w

-
N

uc
le

ar

1

1 3 1



11
11

1X
 U

I (
co

ut
ta

w
sd

)

ad
2F

-2
".

sw
um

,
A

ut
om

at
is

e-
S

ei
sm

s
Jt

eg
gr

...
..i

id
.W

di
is

 c
o

2.
M

I Z
el

l
oe

d 
by

 a
s 

ov
er

ac
t's

:
i

th
yr

o
4

ae
oe

ci
at

ai
 w

ith
so

fte
r.

43
. I

he
 la

ck
e&

 t 
ro

ac
h 

no
r

of
 d

oe
pi

tu
ita

ry
 h

or
oo

ne
 r

es
ul

ts
 in

 a
a 

pe
da

lo
 w

ho
 d

o-
44

.
V

et
is

*1
 th

e 
-b

lo
od

a 
es

sa
is

c
w

hi
ch

 o
ffs

et
s 

th
e

ca
lla

 M
e

bl
os

i-
fo

rs
is

. o
as

is
.

45
. A

is
 a

 d
oo

r 
or

ol
d&

 te
nd

s 
to

 Is
m

ai
l:

w
et

 r
ow

ed
 o

r 
er

at
rw

ye
d.

2
1

he
tis

so
s 

so
d 

ev
es

tu
el

ly
 c

om
es

 d
ea

th
 if

iii
iii

iii
 o

so
ris

ho
d.

2
44

4 
lis

lig
ai

sl
im

is
a 

st
at

e 
of

 b
ei

ng
 u

nd
er

no
ur

is
he

d 
ca

ao
d 

sp
in

et
 o

w
ed

 a
nd

 is
 c

sm
se

d
to

y
1

si
te

s
47

.
is

 s
o 

io
ns

to
na

tio
s 

of
 d

oe
is

so
kn

oo
s

sp
ot

s
) 

us
es

cs
,

so
t

iti
og

.
1,ec

er
* 

ha
ui

sc
U

es
vo

s
as

sa
ci

at
od

,
s 

w
e

w
ith

is
 id

* 
st

ra
tu

s*
 o

f t
he

ci
tr

on
ne

os
es

.

49
.

ag
ea

tia
 is

 O
k 

O
M

 o
f i

A
lie

sy
 c

aw
s&

 b
y 

* 
sp

ec
ifi

c 
do

te
s

S
.;'

,1
-4

.
M

IA
O

W
 is

 a
 c

os
se

t o
f, 

th
e 

m
ou

th
.

,..
.

1

se
as

kt
im

e 
is

 p
ar

t o
r 

41
 o

f t
its

 il
er

-A
il.

1
51

. w
ir 

-,
I.

,s
 is

 th
e 

um
* 

a 
th

e 
ca

pa
cf

ty
 fo

r 
w

ov
es

en
t o

r



11
11

1M
O

R
M

IN
N

O
M

M
U

C
M

11
1!

6
5
.

T
A
!
I
Z
 
M
i
l

(
c
o
n
t
i
n
u
e
d
)

10
11

11
11

11
11

1

5
2
,

ng
sg

em
um

m
ud

iu
,i

s
 
a
 
c
o
n
d
i
t
i
o
n
 
w
h
i
c
h
 
o
c
c
u
r
s
 
W
h
e
n

t
h
e
 
h
e
a
r
t
 
b
e
a
t
 
p
e
r
i
o
d
i
c
a
l
l
y
 
r
a
p
i
d
l
y
 
i
n
c
r
e
a
s
e
s
 
a
n
d
 
d
e
-

c
r
e
a
s
e
s
.

5
3
.

P
e
r

i
s
 
a
s
 
I
n
f
l
a
m
m
a
t
i
o
n
 
o
f
 
t
h
e

p
e
r
i
t
o
n
e
u
m
;
 
a

s
c
e
n
e
 
l
i
n
i
n
g
 
t
h
e
 
A
b
d
o
m
i
n
a
l
 
c
a
v
i
t
y
.

5
4
.
 
p
u
l
l
a
d
m
i
a
s
s
i
a
 
i
s

a
 
s
e
v
e
r
e
,
 
o
f
t
e
n
 
f
e
t
a
l
 
f
o
r
m
 
o
f
 
a
n
e
m
i
a

c
t
r
z
a
c
t
e
r
i
s
s
d
 
b
y
 
a
 
d
e
c
r
e
a
s
e
 
i
n
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
r
e
d
 
b
l
o
o
d

r
e
l
l
s
,
 
h
e
m
o
g
l
o
b
i
n
 
o
r
 
b
o
t
h
,
 
r
e
s
u
l
t
i
a
4
 
i
n
 
a
 
d
e
c
r
e
a
s
e
 
i
n

e
x
y
g
e
n
A
c
a
r
r
y
l
m
s
 
c
a
p
a
c
i
t
y
 
o
f
 
a
 
g
i
v
e
n
 
v
o
l
u
m
e
 
o
f
 
b
l
o
o
d
.

5
5
.
 
n
a
m
i
a
g
e
k
 
i
s
 
c
a
u
s
e
d
 
b
y
 
a
n
 
a
c
u
t
e
 
l
o
s
s
 
o
f
 
b
l
o
n
d

i
n

b
o
d
y
.

5
6
.
 
I
U
S
E
I
L
A
t
i
s
.

r
e
f
e
r
s
 
t
o
 
a
n
 
i
n
a
d
e
q
u
a
t
e
 
a
m
o
u
n
t
 
o
f
p
r
o

t
e
i
n
 
i
n
 
t
h
e
 
d
i
e
t
 
(
a
 
c
o
m
p
l
e
x
 
n
i
t
r
o
g
e
n
o
u
s
 
s
u
b
s
t
a
n
c
e

Q
c
c
u
r
-

i
n
g
 
i
n
 
a
l
l
 
l
i
v
i
n
g
 
m
a
t
t
e
r
)
 
t
o
 
s
u
s
t
a
i
n
 
g
o
o
d
 
h
e
a
l
t
h
.

5
7
.

5
8
.

5
9
.

h
s
l
i
a
n
g
s
l
a
a
 
i
s
 
a
n
 
i
m
f
l
a
r
m
s
t
i
o
n
 
i
n
v
o
l
v
i
n
g
 
t
h
e
 
k
i
d
w
y

a
n
d
 
i
t
s
 
o
u
t
l
e
t
 
d
u
e
 
t
o
 
t
h
e
 
a
c
t
i
o
n
 
o
f
 
b
a
c
t
e
r
i
a
.

A
 
r
a
4
i
t
t
e
l
 
c
o
n
d
i
t
i
o
n
 
i
s
 
a
n

r
e
s
e
m
b
l
i
n
g
 
o
r
 
s
u
g
g
e
s
t
i
m
g
 
t
h
e

r
h
o
 
M
L
A
=
 
i
s
 
a

c
e
m
p
o
m
e
n
t

i
n
v
o
l
v
e
d
 
m
i
t
h
 
d
e
s
t
r
u
c
t
i
o
n
 
o
f

u
n
b
o
r
n
 
o
r
 
n
e
w
b
o
r
n
 
i
n
f
a
n
t
.

i
n
f
l
a
m
m
a
t
i
o
n
 
o
f
 
t
h
e
 
o
p
i
n
e

s
y
m
p
t
o
m
s
 
o
f
 
r
i
c
k
o
t
m
.

o
f
 
t
h
e
 
b
l
o
o
d
 
d
u
t
c
h
m
a
y
 
b
e

t
h
e
 
r
e
d
 
b
l
o
o
d
 
c
e
l
l
s
 
o
f
 
a
n

6
0
.
 
h
e
m
s
 
s
k
a
 
i
s
 
a
 
p
a
i
n
f
u
l
 
c
o
n
d
i
t
i
o
n
 
o
f
 
t
h
e

j
o
i
n
t
s
 
a
n
d

m
u
s
c
l
e
s
.

!
(
a
l
o
v
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

e
c
e
.
.
.
.
S
e
l
o
r
n
e
t
i
c
s

s
c
i
e
l
m
1
=
=
=
1
2
t
U
a
l
L
.

2 1



8
6
.

T
A
B
L
E
nt

(
c
o
n
t
i
n
u
e
d
)

P
r
i
e
r
 
l
c
u
i
s
i
t
s
 
I
t
n
o
w
l
 
W
I
L
L

6
1
.

S
e
x
u
a
l
 
i
n
j
a
n
t
i
l
i
t
i
m
i
r
e
f
e
r
s
 
t
o
 
a
 
b
o
d
y
 
w
h
i
c
h
 
i
s
 
u
n
d
e
r
-

d
e
v
e
l
o
p
e
d
 
s
e
x
u
a
l
l
y
,
 
t
h
a
t
 
i
s
,
 
h
a
s
 
n
o
t

g
o
n
e
 
t
h
r
o
u
g
h

a
d
o
l
e
s
c
e
n
c
e
.

6
2
.
 
1
1
1
9
1
1
1
.
9
3
1
1
A
n
a
l
a
 
i
s

a
n
 
i
n
s
u
f
f
i
c
i
e
n
r
.
.
.
y
 
G
I
 
r
e
d
 
b
l
o
o
d

c
e
l
l
s
 
a
n
d
 
i
s
 
c
h
a
r
a
c
t
e
r
i
s
e
d
b
y
 
t
h
e
 
s
i
c
k
l
e
 
s
h
a
p
e
 
o
f
 
t
h
e

r
e
d
 
b
l
o
o
d
 
c
e
l
l
s
.

I
t
 
i
s
 
a
 
h
e
r
e
d
i
t
a
r
y
,
 
c
h
r
o
n
i
c
 
a
n
e
m
i
a

c
h
a
r
a
c
t
e
r
i
s
e
d
 
b
y
 
a
 
a
b
o
r
t
 
l
i
f
s

s
p
a
n
 
o
f
 
t
h
e
 
r
e
d
 
b
l
o
o
d

c
e
l
l
s
.

6
3
.

i
s
 
a
 
s
l
o
w
e
d
 
h
e
a
r
t
 
n
l
A
i
n
n
 
c
a
u
s
e
d
b
y

h
e
a
r
t

1
a
n
d

s
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h
 
a
t
t
a
c
k
s
 
o
f
 
f
a
i
n
t
i
n
g

a
n
d
 
c
o
w
l
s
/
e
l
m
s
.

!t
ai

lo
r 

T
he

m
e

A
ut

om
at

io
n-

N
uc

le
ar

S
p
a
s
s
.
M
.
e
r
n
e
t
i
c
a

Sc
ie

nc
e

E
ne

rg
y

M
ed

ic
in

e

6
4
.

r
e
s
u
l
t
 
f
r
e
e
 
t
h
e
 
a
b
n
o
r
m
a
l
 
u
n
i
o
n
o
E
n
o
r
-

s
a
l
 
'
y

t
i
A
s
e
p
a
r
a
 
s
u
s
s
 
b
y
 
t
h
e
 
f
o
r
m
a
t
i
o
n
 
o
f
 
n
e
w
 
f
i
b
r
o
u
s

t
i
s
s
u
e
.

6
3
.

i
s
 
a
 
c
o
m
m
u
n
i
c
a
b
l
e
 
v
e
n
e
r
e
a
l
d
i
s
e
a
s
e
;
 
o
c
c
u
r
i
n
g
 
i
n

i
t
s
 
e
s
s
 
i
n
 
s
t
a
g
e
s
 
a
s
p
r
i
s
m
 
s
y
p
h
i
l
i
s
 
a
n
d
 
l
a
t
e
r
 
l
o
c
a
t
i
n
g

i
n
 
v
a
r
i
o
u
s
p
a
r
t
s
 
o
f
 
t
h
e
 
b
o
d
y
 
a
s
 
l
a
t
e
n
t
 
s
y
p
h
i
l
i
s
.

L
a
t
e
n
t

'
m
a
l
t
;
 
a
q

c
a
u
s
e
s
i
n
v
e
z
e
b
o
c
i
r
 
d
a
m
a
g
e
 
a
n
d
 
i
t
s
 
t
r
e
a
t
m
e
n
t
 
i
s

d
i
f
f
i
c
u
l
t
.

6
6
.
 
1
2
1
.
1
 
i
s
 
a
 
d
i
s
e
a
s
e

c
h
a
r
a
c
t
e
r
i
z
e
d
 
b
y
 
i
n
t
e
r
m
i
t
t
e
n
t
 
m
u
s
c
u
l
a
r

s
p
a
s
m
s
 
c
h
i
e
f
l
y
 
i
n
 
t
h
e
 
e
x
t
r
e
m
i
t
i
e
s
.

6
7
.
 
A
s
A

m
i
s
 
a
 
b
r
e
a
k
 
i
n
 
t
h
e
 
s
k
i
n
o
r
 
m
u
c
o
u
s
 
m
o
m
b
r
a
n
e
,
 
a
n
d
 
A
s

c
h
a
r
a
c
t
e
r
i
s
e
d
 
b
y
 
l
o
s
s
 
o
f
 
a
i
r
t
i
m
e
t
i
s
s
u
e
,
 
i
s
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h

s
l
o
w
 
h
e
a
l
i
n
g
,
 
a
n
d
m
a
y
 
b
e
 
i
n
f
e
c
t
e
d
 
w
i
t
h
 
p
u
s
.

1

1 1 1 2 1 1



5
7
.

T
A
B
L
E
 
X
I
X

(
c
o
n
t
i
n
u
e
d
)

7
r
e
r
e
e
s
s
i
s
i
t
e
 
l
a
m
s
 
l
o
d
e
s

6
5
.
 
j
a
m
a
i
m
g
a
L
t
a

i
s
 
a
 
n
o
n
s
p
e
c
i
f
l
.
;
i
e
l
.
a
a
t
o
r
y
 
d
i
s
e
a
s
e

o
f
 
t
h
e
 
c
o
l
o
n
 
o
f
u
n
k
n
o
w
n
 
c
a
u
s
e
 
c
h
a
r
a
c
t
e
r
i
s
e
d
b
y
 
d
i
a
r
r
h
e
a
,

a
b
d
o
m
i
n
a
l
 
p
a
i
n
,
 
a
n
d
s
i
m
i
l
a
r
 
d
i
s
c
o
m
f
o
r
t
s
.

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
c
r

la
ce

as
na

tic
s
c
i
e
n
.
.
.
.
A
*
6
0
=
7
.
-
J
i
d
a
t
R
i

6
9
.
 
'
A
n
 
u
n
d
o
r
a
c
t
f
t
e

t
h
y
r
o
i
d
 
g
l
a
n
d
 
d
e
c
r
e
e
z
c
z

t
u
e
 
r
a
t
e
 
o
f
 
m
e
t
a
-

b
o
l
i
s
m
 
o
f
 
f
o
o
d
,
 
r
e
s
u
l
t
i
n
g

i
n
 
t
h
e
 
a
c
c
u
m
u
l
a
t
i
o
n
 
o
f

f
a
t
.

1
7
0
.

V
e
n
e
r
e
a
l
 
d
i
s
e
a
s
e
s
 
s
u
c
h
a
s
 
s
y
p
h
i
l
i
s
 
a
n
d
 
g
o
n
o
r
r
h
e
a
,

u
s
u
-

a
l
l
y
 
a
c
q
u
i
r
e
d
 
t
h
r
o
u
g
h

s
e
x
u
a
l
 
i
n
t
e
r
c
o
u
t
3
3
.

7
1
.
 
y
e
a
s
s
i
g
L
a
g
e
L
f
t
g
a
t
s

a
 
d
i
s
e
a
s
e
 
o
f
 
n
A
a
;
 
c
_
s
u
s
e
d
 
b
y
a

m
i
c
r
o
-
o
r
g
a
n
i
s
t
 
s
o
o
t
 
c
o
m
m
o
n
l
y

f
o
u
n
d
 
i
n
 
,
r
a
w
 
g
a
r
b
a
g
e
.

7
2
.

V
i
r
u
s
-
i
n
d
u
c
e
d
 
b
o
o
m
a
r
e
 
m
a
s
s
e
s
 
o
f
 
a
b
n
o
r
m
a
l
 
t
i
s
s
u
e

g
r
o
w
i
n
g
 
i
n
 
o
r
 
o
m
 
t
h
e
.
 
p
l
a
n
t
o
r
 
a
n
i
m
a
l
 
b
o
d
y
,
p
o
s
s
e
s
s
i
n
g

n
o
 
p
h
y
s
i
o
l
o
g
i
c
a
l
 
f
u
n
c
t
i
o
n
a
n
d
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
a
l
l
y
u
n
r
e
-

s
t
r
a
i
n
e
d
 
i
n
 
g
r
o
w
t
h
 
a
n
d
s
t
r
u
c
t
u
r
e
 
a
n
d
 
b
e
l
i
e
v
e
d

t
o
 
b
e

c
a
u
s
e
d
 
b
y
.
c
e
r
t
a
i
n
v
i
r
u
s
e
s
.

7
3
.
 
W
h
i
p
l
a
s
h

i
n
j
u
r
i
e
s
 
o
c
c
u
r
 
w
h
e
n
a
 
b
o
d
y
 
i
s
 
r
a
m
m
e
d
 
f
r
o
m

b
e
h
i
n
d
,
 
a
s
 
i
s
 
a
u
t
o
m
o
b
i
l
e

a
c
c
i
d
e
n
t
s
,
 
w
h
e
n
 
t
h
e
 
h
e
a
d
t
e
n
d
s

t
o
 
s
n
a
p
 
b
a
c
k
 
a
s
 
t
h
e
 
b
o
d
y
m
o
m
 
f
c
r
w
a
r
d
 
r
a
p
i
d
l
y
.

T
h
e

s
n
a
p
 
c
a
u
s
e
s
 
l
i
g
a
m
e
n
t
s
 
t
o

t
e
a
r
 
o
r
 
s
t
r
e
t
c
h
o
r
 
m
a
y
 
e
v
e
n

'
d
a
m
a
g
e
 
t
h
e
 
b
e
m
.
s

o
f
 
t
h
e
 
n
e
c
k
,
o
r
 
h
e
c
k
.

7
4
.
 
W
i
t
h
i
n
 
t
h
e
m
a
m
a
 
c
l
a
m
s
 
o
f
 
v
i
r
u
s
e
s

w
h
i
c
h
 
c
a
u
s
e
m
e
g
:

!
o
t
i
t
i
s
 
a
t
e
m
e
s
e
 
s
p
e
c
i
f
i
c
 
t
y
p
e
s
 
o
f
 
s
t
r
a
i
n
s
d
i
f
f
e
r
i
n
g
 
i
n

s
t
r
u
c
t
u
r
e
 
a
n
d
 
p
m
e
d
l
c
i
n
g
a
 
p
a
r
t
i
c
u
l
a
r
 
t
y
p
e
 
o
f
 
e
n
c
e
p
h
a
l
i
-

t
i
s
 
w
i
t
h
 
s
p
e
c
i
f
i
c
s
y
m
p
t
o
m
s
.

S
u
b
 
T
o
t
a
l

1
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8
1

1
1
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8
8
.

T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

r
a
g
e

K
n
o
w
l
e
d
g
e

D
.

D
i
a
g
n
o
s
i
s
 
a
n
d
 
T
r
e
a
t
m
e
n
t

1
.
 
A
n
 
a
n
e
s
t
h
e
t
i
c
 
i
s
 
a
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
u
s
e
d
 
t
o
p
r
o
-

d
u
c
e
 
l
o
s
s
 
o
f
 
s
e
n
s
a
t
i
o
n
 
o
f

p
a
i
n
 
a
n
4
 
L
3
 
y
e
m
i
t
s
 
p
a
i
n
l
e
s
s

s
u
r
g
i
c
a
l
 
o
p
e
r
a
t
i
o
n
s
.

2
.

A
n
t
i
b
i
o
t
i
c
s
 
a
r
e
 
t
h
o
s
e
 
s
u
b
s
t
a
n
c
e
s
p
r
o
d
u
c
e
d
 
b
y
 
s
o
m
e

m
i
c
r
o
 
-
 
o
r
g
a
n
i
s
m
s
 
t
h
a
t
a
r
e
 
c
a
p
a
b
l
e
 
o
f
 
d
a
t
r
o
y
i
n
g
 
o
r

w
e
a
k
e
n
i
n
g
 
i
n
f
e
c
t
i
o
n
s
 
d
u
e
 
t
o
 
o
t
h
e
r

c
,
.
y
,
:
a
i
a
L
3
0

3
.

A
n
t
i
b
o
d
i
e
s
 
a
r
e
 
s
u
b
s
t
a
n
c
e
s
 
c
a
r
r
i
e
d

1
-
,
l
u
o

o
f

a
n
i
m
a
l
s
 
w
h
i
c
h
 
a
r
e
 
c
a
p
a
b
l
e
 
o
f
p
r
o
d
u
c
i
n
g
 
a
n
 
i
m
m
u
n
i
t
y

t
o
 
a
 
s
p
e
c
i
f
i
c
 
d
i
s
e
a
s
e

c
a
u
s
i
n
g
 
o
r
g
a
n
i
s
m
.

8 1

I
t
a
 
o
r
 
T
h
e
m

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

a
c
e

e
r
n
s
t
1
c
s

S
c
i
e
n
c
e

E
n
r
g
y

'
M
e
d
i
c
i
n
e

2 4

4
.

A
n
t
i
g
e
n
s
 
a
r
s
 
t
h
o
s
e
 
s
u
b
s
t
a
n
c
e
s
 
w
h
i
c
h

s
t
i
m
u
l
"
t
e
 
t
h
e

f
o
r
m
a
t
i
o
n
 
o
f
 
a
n
t
i
b
o
d
i
e
s

o
r
 
r
e
a
c
t
s
 
w
i
t
h
 
t
h
e
m
.

5
.
 
M
t
t
h
i
s
t
a
m
i
n
e
s
 
a
r
e

d
r
u
g
s
 
t
h
a
t
 
t
e
n
d
 
t
o
 
c
o
u
n
t
e
r
a
c
t

a
n
 
a
l
l
e
r
g
i
c
 
c
o
n
d
i
t
i
o
n
.

6
.

A
n
t
i
s
e
p
t
i
c
 
d
e
t
e
r
r
e
n
t
s
 
a
r
e

c
l
e
a
n
s
i
n
g
 
s
u
b
s
t
a
n
c
e
s

e
f
f
e
c
t
i
v
e
 
a
g
a
i
n
s
t
 
b
a
c
t
e
r
i
a
a
n
d
 
o
t
h
e
r
 
s
u
b
s
t
a
n
c
e
s

t
h
a
t
 
c
a
u
s
e
 
i
n
f
e
c
t
i
o
n
.

7
.

A
n
 
a
n
t
i
-
s
e
r
u
a
 
i
s
 
a
n
 
e
x
t
r
a
c
t
i
o
n

I
r
a
n
 
t
h
e
 
b
l
o
o
d
 
o
f

a
n
 
a
n
i
m
a
l
 
a
n
d
 
c
o
n
t
a
i
n
s
 
a
n
t
i
b
o
d
i
e
s

a
g
a
i
n
s
t
 
a
 
s
p
e
c
i
f
i
c

d
i
s
e
a
s
e
 
o
r
 
o
r
g
a
n
i
s
m
.

8
.

A
n
t
i
-
v
i
r
a
l
,
 
s
u
b
s
t
a
n
c
e
s
 
r
e
t
a
r
d
 
o
r

s
t
o
p
 
t
h
e
 
s
p
r
e
a
d
 
o
f

v
i
r
u
s
 
c
a
u
s
e
d
 
d
i
s
e
a
s
e
s
.

1 1 2



T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

8
9
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

9
.

B
a
r
b
i
t
u
r
a
t
e
s
 
n
o
d
 
n
a
r
c
o
t
i
c
s

a
r
e
 
s
e
d
a
t
i
v
e
s
,
 
t
h
a
t

i
s
,

t
h
e
y
 
a
r
e
 
d
r
u
g
s
g
i
v
e
n
 
t
o
 
c
a
l
m
 
t
h
e
n
e
r
v
e
s
 
a
n
d
 
d
e
c
r
e
a
s
e
 
t
h
e

s
t
a
t
e
 
o
f
 
e
x
c
i
t
e
m
e
n
t
.

B
a
t
t
 
n
a
y
 
b
e
 
L
 
&
>
>
 
.
t
f
o
r
m
i
n
g
.

1
0
.
 
A
b
i
o
o
w
y
,

i
n
v
o
l
v
e
s
 
t
h
e

s
u
r
g
i
c
a
l
 
r
e
a
e
v
a
i
 
o
f
 
t
i
s
s
u
e
 
i
n

o
r
d
e
r
 
t
o
d
i
a
g
n
o
s
e
 
a
 
d
i
s
e
a
s
e
 
o
r
 
d
i
s
o
r
d
e
r

o
f
 
t
h
e
 
b
o
d
y
b
y

e
x
a
m
i
n
a
t
i
o
n
 
o
f
 
t
h
e

e
x
c
i
s
e
d
 
s
a
m
p
l
e
.

B
l
o
o
d

t
y
p
e
s
 
a
r
e
 
d
e
t
e
r
m
i
n
e
d
 
b
y
 
t
h
e
p
t
e
k
n
e
e
 
o
f
 
c
e
r
t
a
i
n

s
e
n
s
i
t
i
v
i
t
i
e
s

o
r
 
a
n
t
i
g
e
n
s
 
o
f
 
t
h
e

r
e
 
i

c
.
 
?
L

I
f

t
h
e
 
b
l
o
o
d

t
y
p
e
s
 
a
r
e
 
i
n
c
o
m
p
a
t
a
b
l
e
,

c
:
a
c
t
I
n
g
 
a
n
d
 
d
e
s
t
r
u
c
-

t
i
o
n
 
o
f
 
t
h
e
 
r
e
d

c
e
l
l
s
 
t
a
k
e
p
l
a
c
e
.

1
1
2
.

C
h
l
o
r
i
n
a
t
i
o
n
 
i
n
v
o
l
v
e
s

t
h
e
 
t
r
e
a
t
p
e
n
t
 
o
f
w
a
t
e
r
 
o
r
 
s
e
w
a
g
e

1

a
c
e

1
1
1
.
1
1
5
2
E
1
1
.
1
1

l
e
i
t
a
m
&
C
.
c
n
-

1
1
.
x
l
e
a
r

r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
:
,

M
e
d
i
c
i
n
e

1

w
i
t
h
 
c
h
l
o
r
i
n
e
t
o
 
d
e
e
t
r
o
y
 
h
a
r
m
f
u
l

o
r
g
a
n
i
s
m
s
.

1
3
.

C
o
n
s
t
r
c
t
i
v
x
 
A
r
u
n

a
r
e
 
u
s
e
d
 
t
o
 
c
o
n
s
t
r
i
c
t
 
t
h
e
b
l
o
o
d

v
e
s
s
e
l
s
 
t
o
 
r
e
d
u
c
e

t
h
e
 
l
o
s
s
 
o
f
 
b
l
o
o
d
d
u
e
 
t
o
h
e
m
o
r
r
h
a
g
e
s

1
4
.

A
e
r
e
s
i
o
c
a
r
d
i
c
s
r
a
m
e
 
a
r
e
 
t
h
e
t
r
a
c
i
n
g
s
 
m
a
d
e
 
b
y
 
a
n

r
o
c
a
r
d
i
o
g
r
a
p
h
,
 
e
n
 
i
n
s
t
r
u
m
e
n
t

v
h
:
c
'
e
 
T
e
c
o
r
d
s
 
t
h
e
c
h
a
n
g
e
a
d

e
l
e
c
t
r
i
c
a
l
p
o
t
e
n
t
i
a
l
 
e
c
c
u
r
i
n
g
d
u
r
i
n
g
 
h
e
a
r
t
b
e
a
t
.

E
l
e
c
t
-

r
o
c
a
r
d
i
o
g
r
a
m
s
 
a
r
e
 
u
s
e
d
 
t
o
d
e
t
e
r
m
r
a
 
a
n
d
 
d
e
t
e
c
t

i
r
r
e
g
u
-

l
a
r
i
t
i
e
s
 
o
f
 
t
h
e
h
e
a
r
t
 
a
c
t
i
o
n
.

1
5
.

l
i
m
a
i
L
a
n
s
a
m
m
a
 
h
a
v
e
 
b
e
e
n
 
f
o
u
n
d
,

e
f
f
e
c
t
i
v
e
 
i
n
r
e
-

d
u
c
i
m
g
 
a
n
d
 
p
r
e
v
e
n
t
i
n
g

t
o
o
t
h
 
d
e
c
a
y
.

1
6
.
 
A
1
1
3
2
2
i
t
t
 
i
n
v
o
l
v
e
s
 
t
h
e

u
s
e
 
o
f
 
x
-
r
a
y
s
 
(
(
l
e
c
t
r
o
-

m
a
g
n
e
t
i
c
 
r
a
y
s
 
o
f
g
r
e
a
t
 
p
e
n
e
t
r
a
t
i
n
g
 
p
o
w
e
r
)

t
o

p
e
n
e
t
r
a
t
e
 
s
e
l
e
c
t
e
d
p
o
r
t
i
o
n
s
 
o
f
 
t
b
e
 
b
o
d
y
 
a
n
d
f
o
r
m

a
n
 
i
m
a
g
e
 
.
o
m
 
a
 
f
l
u
o
r
e
s
c
e
n
t

s
c
r
e
e
n
.

1 1



9
0
.

T
A
B
L
X
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

j
i
r
e
r
e
o
u
i
s
i
t
e
 
I
n
o
v
l
e
d
i
t
e

11
11

11
11

11
i1

11
11

11
M

IIM

1
7
.

f
t
z
l
i
k
a
i
n
t
a
l

a
r
e
 
f
i
r
s
t
 
f
r
o
z
e
n
 
a
n
d
 
t
h
e
n

t
h
e
 
m
o
i
s
t
u
r
e
 
i
s
 
r
e
m
o
v
e
d
,

1
8
,

a
t
h
e
r
a
p
y
 
i
n
v
o
l
v
e
s
 
t
h
e

t
r
e
a
t
m
e
n
t
 
o
f

n
d
s
.

1
9
.
 
A

hi
si

gg
ig

a
i
s
 
a
 
g
r
a
f
t
 
o
f
 
t
i
s
s
u
e
t
a
k
e
n
 
f
r
o
m
 
t
h
e

b
o
d
y
 
o
f
 
s
m
o
t
h
e
r
p
e
r
s
o
n
.

2
0
,

A
j
m
u
m
g
a
m
m
i
g
l
a
 
t
h
e
 
s
u
r
g
i
c
a
l
 
r
e
m
o
v
a
l
 
o
f
 
t
h
e

u
t
e
r
u
s
.

2
1
.

M
a
i
n
 
i
m
p
l
i
e
s
 
a
 
r
e
s
i
s
t
a
n
c
e
 
t
o

a
 
s
p
e
c
i
f
i
e
d
 
d
i
s
e
a
s
e
.

2
2
.

i
s
 
t
h
e
 
t
r
e
a
t
m
e
n
t
 
o
f
a
s
 
o
p
t
i
m
i
s
m
 
f
o
r
 
t
h
e

p
l
u
r
r
i
f
t
k
l
a
s

i
t
 
I
m
r
e
 
e
r
 
m
o
t

s
u
s
c
e
p
t
i
b
l
e
 
t
o
 
a

s
t
e
s
e
q
u
e
m
t
 
a
t
t
a
c
k
 
b
y
 
a
p
a
r
t
i
c
u
l
a
r
 
p
a
t
h
o
g
e
n
.

2
3
.

j
a
n
s
i
g
L
i
n
i
a
m
e
l
v
e
s
 
t
h
e

p
r
o
c
e
s
s
 
o
r
 
a
c
t
 
o
f
 
i
n
j
e
c
t
i
n
g

a
 
v
a
c
c
i
n
e
 
o
r
 
o
t
h
e
r
 
s
u
b
s
t
a
n
c
e

i
n
t
o
 
t
h
e
 
b
o
d
y
 
f
o
r
 
t
h
e

p
u
r
p
o
s
e
 
o
f
 
i
m
i
m
c
i
m
g
 
i
m
m
m
m
i
t
y
 
t
o

a
 
d
i
s
e
a
s
e
.

2
4
.

i
s
 
s
a
m
e
a
g
e
n
t
 
t
e
n
d
i
n
g
 
t
o
 
p
r
o
d
u
c
e
 
i
r
r
i
t
e
t
i
c
e

i
i
I
n
f
l
e
m
m
e
t
i
o
a
 
t
a
l
h
e
b
o
d
y
.

2
3
.
 
R
e
a
m
 
i
s

a
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
 
w
i
t
h
 
d
o
u
b
t
f
u
l

c
a
n
-

c
e
r
 
c
u
r
i
a
e
 
A
b
i
l
i
t
y
,

2
6
,

T
h
e

i
m
v
o
l
v
e
s
 
s
c
r
a
p
i
n
g

o
f
f
 
s
o
m
e
 
o
f
 
t
h
e
 
c
e
l
l
s

l
a
b
s
 
m
o
u
t
h
 
s
a
r
i
e
x
a
m
i
n
i
n
g
 
t
h
e
m

u
n
d
e
r
 
a
n
i
m
i
s
t
:
s
p
a
 
f
o
r
d
i
a
g
n
o
s
t
i
c
p
u
r
p
o
s
e
s
.

M
a
a
b
i
a
t

A
u
t
o
m
a
t
i
o
n
-

i
n
c
l
e
a
r

r
u
s
t
i
c
s

S
c
i
e
n
c
e

1 5 6 1



91
.

U
ni

t X
II

(c
ot

kt
in

ne
d)

it*
A

ut
om

at
io

n-
la

ci
es

t
tic

s
Se

le
ne

Y
ke

di
ci

ne
27

.
,O

rc
hl

ie
st

oo
r,

 is
 th

e 
su

rs
ic

al
 r

em
ov

al
 o

f
a 

te
st

ic
le

.
1

2$
.

Se
m

de
la

w
 is

 th
e 

su
rg

ic
al

 r
em

ov
al

 a
n

ov
ar

y.
1

29
.

iii
im

hz
i
s
 
a
n

el
ec

tr
on

ic
 d

ev
ic

e 
us

ed
 to

 s
en

d
el

e1
11

1i
m

pe
ls

es
 to

 th
e 

he
ar

t t
o

ke
ep

 it
 b

ea
tin

g
la

 a
 r

eg
ul

ar
pa

tte
rn

.
3
0
.

P
o
s
t
e
u
r
i
s
a
t
i
o
n
 
i
s

th
e 

pa
rt

ia
l s

te
ri

lis
at

io
n 

of
a 

fl
ui

d
at

 a
 te

m
pe

ra
tu

re
 (

13
10

-1
58

0
7)

 u
hi

ch
 d

es
tr

oy
s 

ce
rt

ai
n

pa
th

og
en

ic
 e

rs
ak

te
m

s 
al

 I
ni

m
ita

bl
e 

ba
ct

er
ia

.
31

. A
pr

ea
tip

ec
on

ic
 e

m
sn

ia
at

io
a 

in
vo

lv
es

 th
e

Ik
ea

 o
f 

an
is

et
tn

na
t t

o 
al

lo
w

 v
is

ua
l

in
sp

ec
tio

n 
of

 th
e 

re
ct

um
.

32
. l

ad
ia

tio
n

tr
ea

tm
en

t, 
co

ns
is

ts
 o

f 
w

qm
ei

ng
 th

e
ca

nc
er

ou
s

tim
e 

to
:-

ra
ps

 o
r 

al
ph

a 
or

 b
et

a
ra

ys
.

33
.

fi
nk

tie
s 

is
 th

e 
in

dl
ei

ss
 o

f
a 

re
la

te
d 

ea
sy

 s
ta

te
 b

y
th

e 
us

e 
of

 d
re

ss
.

34
. A

m
m

is
a 

sa
m

pl
e 

of
 m

at
er

ia
l

s
u
c
h
 
a
s
 
b
l
o
o
d
 
s
p
r
e
a
d

o
n
 
a

gl
as

s 
sl

id
e 

fo
r 

m
ic

ro
sc

op
ic

 s
tu

dy
.

35
.

11
21

11
2.

41
21

L
ha

ve
 b

ee
n 

as
 f

re
e 

of
m

ic
ro

or
ga

ni
sm

s.
36

.
Im

ar
ia

ni
sz

i
s
 
&
s
u
r
g
i
c
a
l
 
i
n
c
i
s
i
o
n
 
i
n
t
o

t
h
e
 
t
r
a
c
h
e
a

e
r

w
in

dp
ip

e.

37
.

T
ra

m
eu

lli
m

er
s 

ar
e 

ch
em

ic
al

su
bs

ta
nc

es
 u

se
d

t
o
 
c
a
l
m

or
 q

ui
et

 :n
ot

io
na

lly
 Z

is
tu

rb
ed

pe
op

le
.

1 1 4 1 4



It
ru

es
ia

la
iw

ks
in

.

T
U
L
E
 
T
M
 
(
c
o
n
t
i
n
u
e
d
)

3
8
.
 
#
 
m
u
c
c
i
a
s
,
 
i
s

a
 
p
r
e
p
a
r
a
t
i
o
n
 
o
f
 
k
i
l
l
e
d
 
m
i
c
r
o
o
r
g
a
n
i
s
m
,

l
i
m
b
o
 
a
t
t
e
n
u
a
t
e
d
 
o
r
g
a
n
i
s
m
s
,

o
r
 
l
i
m
i
n
g
 
f
u
l
l
y
 
v
i
r
u
l
e
n
t

m
e
a
l
s
=
 
t
h
a
t
 
i
s
 
a
d
m
i
n
i
s
t
e
r
e
d

t
o
 
p
r
o
d
u
c
e
 
o
r
 
a
r
t
i
f
i
-

c
i
a
l
l
y
 
i
n
c
r
e
a
s
e
 
i
m
m
m
i
t
y
t
o
 
a
 
p
a
r
t
i
c
u
l
a
r
 
d
i
s
o
a
s
e
.

3
9
.

i
s
 
t
h
e
 
i
n
t
r
o
d
u
c
t
i
o
n
i
n
t
o

an
o
r
 
d
o
m
e
s
t
i
c

a
m
l
l
e
r
a
h
a
m
i
o
r
o
o
e
g
i
s
s
i
s
m
s

t
h
a
t
 
h
a
v
e
 
p
r
e
v
i
o
u
s
l
y
 
b
e
e
n

t
r
e
a
t
e
d
 
t
o
 
a
s
 
t
h
e
e
h
a
r
m
l
e
s
s
 
f
o
r
 
t
h
e
p
u
r
p
o
s
e
 
o
f

i
n
d
u
c
l
a
g
 
t
h
e
 
d
e
v
e
l
o
p
m
e
n
t
o
f
 
r
a
t
t
y
.

4
0
.

T
h
e
 
b
u
r
s
 
b
o
d
y
 
h
a
s
a
m
e
a
m
l

o
f
 
r
e
j
e
c
t
i
n
g
 
f
o
r
e
i
g
n

s
u
b
-

s
t
a
n
c
e
s
,
 
s
u
c
h
 
a
s
 
M
a
e
o
r
 
s
k
i
n
,
 
u
h
e
a
 
t
r
a
m
s
p
l
a
n
t
e
d

t
o

t
h
e
 
b
o
d
y
.

Z
.

G
e
n
e
t
i
c
s

S
u
b
 
T
o
t
a
l

1

1
.
 
a
g
g
s
g
s
m

a
r
e
 
b
o
d
i
e
s
 
w
i
t
h
i
n
 
a
 
c
a
l
l
 
t
h
a
t
c
o
n
t
a
i
n
 
t
h
e

g
a
m
e
s
 
r
e
s
p
o
n
s
i
b
l
e
 
f
o
r
a
 
c
h
i
l
d
'
s
 
i
n
h
e
r
i
t
a
n
c
e
 
o
f
 
t
h
e

p
a
r
e
n
t
s
'
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
.

2
.

i
r
r
e
a
l
p
s
,
b
o
s
i
d
i
t
v
 
f
o
r

l
i
f
p
 
i
m
p
l
i
e
s
 
a
c
q
u
i
r
i
n
g

t
h
r
o
o
g
h
 
t
h
e
p
r
o
c
e
s
s
 
o
f
 
h
e
r
e
d
i
t
y
 
c
e
r
t
a
i
n
d
e
s
i
r
a
b
l
e

t
r
a
i
t
s
 
t
h
a
t
 
m
i
l
l
 
e
m
m
b
l
e
t
h
a
t
 
b
o
d
y
 
t
o
 
a
c
h
i
e
v
e
a
 
l
o
n
g

l
i
f
e
,

S
o
m
e
 
o
f
 
t
h
e
s
e
 
t
r
a
i
t
s
a
d
g
h
t
 
i
n
c
l
u
d
e
 
i
m
m
u
n
i
t
y

t
o
 
d
i
s
e
a
s
e
,
 
v
e
r
y
 
e
f
f
i
c
i
e
n
t
m
e
t
a
b
o
l
i
s
m
 
o
f
 
f
o
o
d
 
a
n
d

r
e
s
p
i
r
a
t
i
o
n
,
 
e
t
c
.

3
.
 
i
t
e
m

a
r
e
 
t
h
e
 
e
l
e
m
e
n
t
s
 
o
f
 
t
h
e
s
e
r
a
 
p
l
a
s
m
 
s
e
r
v
i
n
g
 
a
s

a
 
s
p
e
c
i
f
i
c
 
t
r
a
n
s
m
i
t
t
e
r
 
o
f
h
e
r
e
d
i
t
a
r
y
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
.

9
2
.

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

r
u
s
t
i
c
s

S
c
i
e
n
c
e

1
3 2

8
0 1 1 3



11
44

11
1.

11
11

11
11

11
11

L
PI

M
PO

PO
R

T
A
B
L
E
 
Y
I
I

(
c
o
n
t
i
n
u
e
d
)

9
3
,

itu
ss

ei
m

ita
la

ta
te

is
t

4
.
 
i
m
a
t
i
r
s
j
i
b
l
u
a
L
a
g
t
 
i
s

a
 
s
e
q
u
e
n
c
e
 
o
f
 
D
N
A
 
c
o
m
p
o
n
e
n
t
s

t
h
a
t
 
d
i
c
t
a
t
e
s
 
s
p
e
c
i
f
i
e
d
 
p
r
o
t
e
i
n

c
o
m
p
o
n
e
n
t
s
 
i
d
l
i
c
h
 
d
e
-

U
M
W
,
 
s
t
a
n
a
t
e
r
a
l
 
t
r
a
i
t
s
*

5
3

i
s
s
i
d
g
j
o
i
s
p
i
a
.
 
o
f
 
a
 
c
e
l
l
 
r
e
f
e
r
s
 
t
o
 
B
i
l
l
 
c
o
m
p
o
n
e
n
t
s

t
h
a
t
 
d
i
c
t
a
t
e
 
p
r
o
t
e
i
n
 
c
o
m
s
t
r
u
c
t
i
o
a
 
m
o
d
 
h
e
n
c
e

d
o
t
e
r
m
i
n
e

s
t
r
e
s
t
u
r
a
l
 
t
r
a
i
t
s

i
s
 
t
h
a
t
 
b
r
a
n
c
h
 
o
f
 
b
i
o
l
o
g
y
 
(
t
h
i
c
k
 
d
e
a
l
s
m
i
t
t

a
n
d
 
v
a
c
i
a
t
i
a
m
s
a
r
m
s
 
r
e
l
a
t
e
d
 
o
r
g
a
n
i
s
m
s
 
a
n
d

t
h
e
i
r
 
e
v
o
l
a
t
i
o
n
a
r
y

a
s
p
e
c
t
s
.

T
.
 
f
i
e
n
d
s

A
m
a
m
i
 
a
c
a
d
e
m
e
 
d
i
s
e
a
s
e
s
 
t
h
a
t
 
a
r
e

t
t
e
d
 
h
e
m
 
p
a
r
e
n
t
 
t
o

o
f
f
s
p
r
i
n
g
.

8
,
 
b
l
i
d
i
a
l
s
 
t
h
e

o
s
m
o
t
i
c
 
t
r
a
m
o
o
d
s
s
i
o
n
 
f
r
o
m
 
p
a
r
e
n
t
 
t
o
 
o
f
f
-

s
p
r
i
n
g
 
o
f
 
s
e
r
t
a
i
c
r
e
b
e
r
a
c
t
e
r
i
s
t
i
c
s
.

9
.
 
a
g
l
i
A
t
M
E
L
I
M
M
i
l
o
s
s
t
r
e
l

a
r
e
a
l
*
 
g
e
n
e
t
i
c
 
c
h
a
r
a
c
t
e
r
i
s
'

t
i
c
s
 
p
a
s
s
e
d
 
a
l
o
n
g
 
f
r
o
m
p
a
r
e
n
t
s
 
t
o
 
o
f
f
s
p
r
i
n
g
 
s
u
c
h
 
a
s
 
r
a
t
s

o
f
 
S
m
u
t
s
 
a
d
 
b
e
l
l
*
.

1
0
.
 
j
a
s
s
i
l
i
m
m
a
n
s
 
t
o
 
r
e
c
s
i
v
e

b
y
 
g
e
n
e
t
i
c
 
t
r
a
n
s
m
i
s
s
i
o
n
.

1
1
.

'
m
e
a
l
*
 
i
s
 
a
 
s
a
d
d
l
e
s
 
v
a
r
i
a
t
i
o
n
 
o
f
 
s
o
m
e
 
i
n
h
e
r
i
t
a
b
l
e

e
h
m
e
a
c
t
e
r
i
s
t
i
c
 
*
f
a
g
o
t
s
&

o
r
 
a
n
i
m
a
l
.

Su
b

T
o
t
a
l

V
a
l
o
r
 
T
h
e
c
a

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e
_
 
l
e
e
n

M
e
d
i
c
i
n
e

1

N
IIM

P
IM

M
IN

1

2 I 3 3 5 3

2
3



T
A
B
L
S
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

F
.

T
a
x
o
n
o
m
y

1
.

w
i
n
k
 
a
r
e
 
s
a
y
 
o
f
 
a

l
a
r
g
e
 
g
r
o
u
p
 
o
f
m
i
c
r
o
s
c
o
p
i
c
 
p
l
a
n
t
s

f
o
u
l
e
d
 
l
a
m
a
t
u
r
e
.

T
h
e
y
 
a
r
e
 
u
n
i
c
e
l
l
u
l
a
r
.

r
e
l
a
t
i
v
e
l
y
,

s
m
e
l
l

g
r
o
u
p
 
i
s
 
p
a
t
h
o
g
e
n
i
c
,
 
t
h
a
t

i
s
,
 
c
a
u
s
e
 
d
i
s
e
a
s
e
.

2
.

T
h
e
 
k
o
l
a

f
a
m
i
l
y
 
i
s
 
t
h
e
 
c
o
o
f
a
m
i
l
y
.

3
.

i
s
 
a
 
f
r
a
g
r
a
n
t
 
o
i
l
e
f
f
e
c
t
i
v
e
 
a
s

a
 
m
o
s
q
u
i
t
o

o
b
t
a
i
n
e
d
 
f
r
o
m
c
i
t
r
o
m
e
l
l
a
g
r
a
s
s
 
o
f
 
S
o
u
t
h
e
r
n

A
s
i
a
.

9
4
.

M
a
 
f
o
r
 
T
h
e
w

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

S
p
l
i
c
e

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

!
n
e
r
g
y

M
e
d
i
c
i
n
e

6 1
4
.

c
r
u
s
t
a
c
e
a
n
.
,
 
a
r
e
 
i
n
v
e
r
t
e
b
r
a
t
e
s
h
a
v
i
n
g

2
h
a
r
d
 
o
u
t
e
r
 
s
h
e
l
l
,

1
3
.

b
a
s
k
a
i
s
 
a
p
r
o
n
s
,
 
o
f

d
e
v
e
l
o
p
m
e
n
t
 
o
f
 
a
s
p
e
c
i
e
s
 
f
r
o
g

e
m
e
 
s
t
a
t
e
 
t
o
 
i
t
s
p
r
e
s
e
n
t
 
s
t
a
t
e
.

1
1

6
.

b
e
l
i
e
r
e
 
g
a
m
e
s
 
t
h
a
t
 
h
e
r
e

O
D
l
e
a
v
e
s
,
 
f
l
o
w
e
r
s
 
o
r
g
r
e
e
n

c
o
l
o
r
,
 
a
n
d
 
r
e
p
r
o
d
u
c
e
b
y
 
s
p
o
r
e
s
.

T
h
e
y
 
a
r
e
 
c
h
i
e
f
l
y

e
a
p
c
e
p
b
y
t
i
c
 
e
r
r
 
m
a
n
t
e
l
s
.

3
7
.

a
m
 
p
l
e
a
t
s
 
o
f
 
t
h
e

l
i
l
y
 
f
a
m
i
l
y
 
w
i
t
h

s
p
i
k
e
s
 
o
f

f
a
.

l
o
w
e
r
s
.

1
.

I
s
 
a
g
o
n
n
a
 
o
f
 
s
h
o
r
t
 
s
o
d
 
-
s
h
a
p
e
d

o
f
 
c
m
i
s
i
m
g

h
y
d
r
o
f
o
i
l
 
t
o
 
f
o
r
s
m
i
t
e
r

a
n
d
 
w
e
 
c
a
r
b
o
n
&
a
d
d
s
 
a
s

a
 
s
o
u
r
c
e
 
o
f
 
c
a
r
b
o
n
 
f
o
r

.
g
l
o
w
t
h
.

9
.

h
o
w
 
i
s

a
n
y
 
s
o
m
b
e
r
 
o
f
 
t
h
e

p
e
a
 
f
a
m
i
l
y
 
a
c
i
d
c
o
n
t
a
i
n
s

b
a
l
s
a
 
o
n
 
i
t
s

r
o
o
t
s
 
w
h
i
c
h
 
a
d
d
u
s
a
b
l
e
 
n
i
t
r
o
g
e
n

t
o
 
t
h
e

s
o
i
l
.

I 1



9
5
.

T
i
n
a
 
I
I
I

(
c
o
n
t
i
n
u
e
d
)

P
r
e
r
e
q
u
i
s
i
t
e
 
E
n
o
w
l
e
d
i
t
e

1
0
.

M
a
n
a
t
u
s
 
o
r
 
s
e
a
 
c
o
w
s
 
a
r
e
 
l
a
r
g
e
,
 
p
l
a
n
t
-
e
a
t
i
n
g
 
a
q
u
a
t
i
c

s
l
i
n
g
s
 
f
o
n
d
 
i
n
 
t
r
o
p
i
c
a
l
 
w
a
t
e
r
s
.

1
1
.
 
m
i
c
r
o
b
e
s
 
a
r
e

v
e
r
y
 
a
d
m
i
t
s
 
o
r
g
a
n
i
s
m
s
 
s
u
c
h
 
a
s
 
b
a
c
t
e
r
i
a
.

1
2
.

T
u
b
e
r
c
u
l
a
r
 
b
a
c
i
l
l
i
 
a
r
e
 
r
o
d
-
s
h
a
p
e
d
 
b
a
c
t
e
r
i
a
 
w
h
i
c
h
 
c
a
u
s
e

t
u
b
e
r
c
u
l
o
s
i
s
.

1
3
.
 
7
1
a
o
k
t
e
e
 
a
r
e
 
g
y
r
o
s
c
o
p
i
c
 
p
l
a
n
t
s
 
a
n
d
 
a
n
i
m
a
l
s
 
f
o
u
n
d
 
i
n

b
o
d
i
e
s
 
o
f
 
w
a
t
e
r
.

1
4

n
f
t
.
a
i
s
 
a
n
 
o
r
d
e
r
 
o
f
 
e
u
t
i
o
r
i
a
n
s
m
m
m
e
l
s
 
i
n
c
l
u
d
i
n
g
 
s
t
n
,

a
p
e
s
,
 
m
a
y
h
e
m
 
l
e
m
m
a
s
 
a
n
d
 
l
i
v
i
n
g
 
a
n
d
 
e
x
t
i
n
c
t
 
r
e
l
a
t
e
d

f
o
r
m
a
 
t
h
a
t
 
a
r
e
 
a
l
l
 
t
h
o
u
g
h
t
 
t
o
 
b
e
 
d
e
r
i
v
e
d
 
f
r
e
e
s
e
n
a
r
a
l
i
-

s
e
d
 
a
r
b
o
r
e
a
l
 
a
m
o
e
s
t
o
r
e
.

T
h
e
y
 
a
r
e
 
g
e
n
e
r
a
l
l
y
 
c
h
a
r
a
c
t
e
r
i
-

s
e
d
 
b
y
 
i
n
c
r
e
a
s
i
n
g
 
p
e
r
f
e
c
t
i
o
n
 
o
f
 
b
i
n
o
c
u
l
a
r

s
p
e
c
i
a
l
i
s
a
t
i
o
n
 
o
f
 
t
h
e
 
a
p
p
e
n
d
a
g
e
s
 
f
o
r
 
g
r
a
s
p
s
g
,
 
a
n
d

e
n
l
a
r
g
e
m
e
n
t
 
a
n
d
 
d
i
f
f
e
r
e
n
t
i
a
t
i
o
n
 
o
f
 
t
h
e
 
b
r
a
i
n
.

1
5
.
 
A
 
a
m
 
i
s
 
a
 
s
u
b
m
i
c
r
o
s
c
o
p
i
c
 
i
n
f
e
c
t
i
v
e

a
g
e
n
t
 
w
h
i
c
h
 
n
a
y

b
e
 
r
e
s
p
o
n
s
i
b
l
e
 
f
o
r
 
s
o
m
e
 
d
i
s
e
a
s
e
s
. S
u
b
 
T
o
t
a
l

G
.

E
c
o
l
o
g
y

1
.

&
ra

tte
d 

so
il

i
s
 
s
o
i
l
 
t
h
a
t
 
h
a
s
 
b
e
e
n
 
e
x
p
o
s
e
d
 
t
o
 
a
i
r
.

2
.

g
i
n
a
t
i
s
e
d
,
 
m
e
a
n
s
 
a
d
j
u
s
t
e
d
 
t
o
 
a
 
n
o
r
 
a
n
d
/
o
r
 
d
i
f
f
e
r
e
n
t

e
n
v
i
r
o
n
m
e
n
t
.

oa
is

ib
es

A
ut

om
at

io
n-

C
y
b
a
r
n
e
t
i
c
s

S
c
i
e
n
c
e
 
E
n
e
m
y

M
i
r
a
n

1 1

1

1 1 3
19

20
24

1

1



T
A
B
U
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

M
uz

us
lig

aL
eg

da
is

3
.

t
u
r
i
j
i
g
d
z
s
i
M

i
s
 
o
n
e
 
i
n
 
g
a
l
a
 
t
h
e
 
c
o
n
d
i
t
i
o
n
s

e
a
 
o
r
g
a
n
i
s
e
 
s
u
c
h
 
a
s
 
t
h
e
 
a
n
n
a
m
t
 
o
f
 
b
e
s
t
,

l
i
g
h
t
,

n
o
i
s
t
e
r
e
,
 
a
n
d
 
e
r
w
e
s
e
r
e
 
e
r
e
 
s
o
s
t
r
o
l
l
e
d
.

4.
 A

-,
.A

,A
=

L
JN

E
11

.,
i
s
 
a
n
y
 
c
r
o
p
 
m
o
o
d
 
t
o
p
r
o
t
e
c
t
 
t
h
e
 
s
o
i
l
 
f
r
o
m

3
.
 
A
n
 
m
i
a
s
m
i
c
 
e
f

l
e
e
 
i
s
 
(
"
p
r
e
v
a
l
e
n
t
 
a
n
d
 
w
i
d
e

s
p
r
e
a
d

t
e
e
c

c
e
s
e
s
a
t
r
a
t
i
e
s
 
o
f
 
t
h
o
s
e
 
I
n
s
e
c
t
s
 
i
s
 
s
e
a
l
a
r
g
e
 
n
u
m
b
e
r
s
 
a
s

t
o
 
e
e
n
e
t
i
t
n
t
e
 
a
 
t
h
r
o
n
e
 
t
o

c
r
o
p
'
 
a
m
d
 
a
m
t
m
e
l
e
.

6
.

i
c
n
r
i
l
m
i
s
s
w
a
t
,
 
p
e
r
t
a
i
n
s
 
t
o
 
a
l
l
 
t
h
e
 
e
e
n
d
i
t
t
o
m
e
 
e
m
e
r
o
m
e
d
i
n
g

a
s
d
 
e
f
f
e
c
t
i
n
g
 
t
h
e
d
e
v
e
l
o
p
m
e
n
t
 
o
f
 
a
n
 
o
r
g
a
n
i
s
m
 
o
r
 
a
n
 
o
b
j
e
c
t
.

7
.

F
o
r
 
l
i
f
e
 
t
o
e
m
e
r
g
e
 
o
e
 
a
 
d
i
e
t
a
m
t
 
p
l
a
n
e
t
,
 
a
l
l
 
t
h
e
 
c
o
o
-

d
i
t
t
o
e
s
 
t
h
a
t
 
a
f
f
e
c
t
 
t
h
e
d
e
w
e
l
e
s
n
a
t
 
o
f
 
a
n
 
°
m
a
l
e
s
 
e
a
s
t

b
e
 
a
w
a
i
l
i
c
b
l
e
.

T
h
i
s
 
i
s
 
r
e
f
e
r
r
e
d
 
t
o
 
a
s
a
 
A
m
o
r
a
l
,

t
a
r
 
l
i
f
e
.

8
,

la
ita

t,
r
e
f
e
r
s
 
t
o
 
a
 
r
e
s
i
s
t
 
i
n
 
A
s
i
a
a
 
p
l
a
i
n
t
 
o
r
 
w
i
t
h
a
l

'
l
a
t
e
r
a
l
l
y
 
l
l
y
e
a
.

9
.
 
m
u
r
a
l
 
a
r
e
 
c
h
e
m
i
c
a
l

s
u
b
s
t
a
n
c
e
s
 
g
e
e
d
 
t
o
 
k
i
l
l
 
s
e
e
d
s
.

1
0
.

c
o
n
t
a
i
n
 
n
i
t
r
o
g
e
n
 
f
i
x
i
n
g

M
al

itt
re

ar
rt

m
ir

ke
s

th
e
m
o
o
s
e
 
o
f
 
n
i
t
r
o
g
e
n
 
f
i
m
a
t
i
o
n
.

1
1
.

a
g
g
s
g
a
g
l
a
r
e
 
e
i
b
e
t
s
e
c
e
s
 
s
e
e
d
 
t
o
 
k
i
l
l
 
i
n
s
e
c
t
s
.

1
2
.

o
f
 
H
a
l
t
 
i
n
v
o
l
v
e
s
 
t
h
e
 
i
n
s
t
i
n
c
t
i
v
e
s
o
w
e
s
e
n
t

o
f

f
r
e
s
 
e
v
e
 
r
e
g
i
m
e
 
t
o
 
a
n
o
t
h
e
r
=
S
a
l
l
y
 
a
s
s
o
c
i
a
t
e
d

w
i
t
h
 
t
h
e
 
c
h
a
m
p
 
i
s
s
e
a
s
o
n
.

96
.

a
l
g
r
A
I
M
I
L

A
u
t
o
m
a
t
i
o
n
-

M
o
s
l
e
m

1 1 2 1 1 1 1 1



T
A
S
L
Z
 
I
I
I

(
c
o
a
t
t
m
u
e
d
)

Il
tn

nk
ta

la
id

at
it

1
3
.

r.
,.-

11
M

gm
al

ia
m

ia
.-

1 
pe

rt
ai

ns
t
o
 
t
h
e
 
a
m
e
w
a
t
 
o
f
 
a
m
i
a
b
l
e

n
i
u
t
r
i
r
e
s
s
e
i
l
.
 
T
o
 
l
a
s
e
r
s
 
p
e
e
p
e
r
 
p
l
a
n
t
 
g
r
o
w
t
h

a
 
e
u
f
f
i
e
l
e
m
t
 
a
m
e
m
m
t
 
o
f
 
v
s
e
a
k
l
e
 
a
i
l
:
r
o
p
e
 
m
a
t
 
b
e
 
p
r
e
-

s
e
n
t
 
i
n
 
t
h
e
 
s
o
i
l
 
l
e
t
 
t
h
e
s
e
 
p
l
a
n
t
s
.

1
4
.

f
r
i
l
l
e
j
a
m
i
s

m
e
t
e
s
 
a
g
r
e
e
a
b
l
e
 
t
o
 
t
a
s
t
e
 
a
n
d
 
p
l
e
a
s
i
n
g

1
5
.
 
A

i
s

a
p
l
a
n
t
 
o
r
 
a
n
i
m
a
l
 
t
h
a
t
 
l
i
v
e
s
 
o
n
 
o
r
 
w
i
t
h
i
n

a
w
e
p

o
f
 
a
x
i
a
l
 
a
t
 
t
h
e
 
*
m
e
m
o
s
 
o
f
 
t
h
e
 
h
o
s
t
.

16
. A

lo
e

I
s
 
t
h
e

co
st

au
ta

dd
la

m
i
o
f
 
s
i
r

an
d 

w
at

er
 b

y 
ar

-
io

us
s
u
c
h
 
a
s
 
s
m
o
k
e
,
 
d
u
s
t
,
 
s
a
l
t
 
s
o
d
,
 
c
h
e
m
i
c
a
l

s
u
b
s
t
a
u
c
e
s
.

1
7
.

p
o
t
a
b
l
e
 
s
a
t
e
s
 
i
s
 
v
o
t
e
r
p
u
r
e
 
*
s
o
u
g
h
 
t
o
 
d
r
i
n
k
.

11
1.

'
N
E
L
 
i
s

a 
m

is
te

rs
o
f
 
s
m
o
k
e
,
 
f
o
g
,
 
o
t
h
e
r
 
v
e
s
t
s

g
a
s
e
s
,
 
a
n
d

s
o
l
i
d
 
p
a
r
t
i
c
l
e
s
 
t
h
a
t
 
c
a
u
s
e
s
 
a
s
e
v
e
r
e
 
a
i
r
 
p
o
l
l
u
t
i
o
n

p
r
o
b
l
e
m
.

Su
b 

T
ot

al

L
 
D
e
v
e
l
o
p
m
e
e
t
a
l
 
B
i
o
l
o
g
y

N
e
i
a
l
k
m
a
t

am
ta

es
tio

n-
W

m
 le

as
f
o
s
s
e

c
E
k
E
E
P
.
t
i
c
.

g
e
l
E
S
S
.
.
J
E
M
I
E
W
.
.
.
.
I
M
P
I
W
E
1

1
.

f
 
a
r
e
 
d
e
f
e
c
t
s
 
e
x
i
s
t
i
n
g
 
a
t
 
b
i
r
t
h
 
a
c
q
u
i
r
e
d

l
o
p
m
w
a
t
 
i
s
 
t
h
e
 
u
t
e
r
u
s
.

2
.
 
s
o
m
m
i
s
i
a
m
i
g
u
a
L
i
s
 
t
h
a
t
 
f
o
r
m
 
o
f

s
y
p
h
i
l
i
s
 
w
i
t
h
 
w
h
i
c
h
 
a

c
h
i
l
d
 
i
s
 
b
o
a
s
 
h
a
w
f
a
s
 
a
c
q
u
i
r
e
d
 
i
t
 
f
r
o
m
 
t
h
e
 
a
n
t
h
e
r

d
u
r
i
n
g

d
e
v
e
l
o
p
m
e
n
t
 
i
s
 
t
h
e
 
u
t
e
r
u
s
.

1 1

4

2 I 1

1
3

6 3 3



T
A
B
U
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

te
rm

eg
av

es
e.

3
.

k
i
g
g
i
n
a
l
i
e
r
i
a
L
A
L
A
M
I
L
 
r
e
f
e
r
s
 
t
o
 
t
h
e

p
r
o
c
e
s
s
 
o
f
 
d
i
s
-

U
n
s
a
l
a
b
l
e
,
 
o
r
 
m
a
k
i
n
g
 
c
e
l
l
s
 
d
i
f
f
e
r
e
n
t
.

A
s
 
a
 
r
e
s
u
l
t
 
o
f

t
h
i
s
 
p
r
o
c
e
s
s
 
t
h
e
 
c
e
l
l
s
 
o
f
a
n
 
o
r
g
a
n
i
s
m
 
b
e
c
o
m
e
 
s
o
r
e
 
c
o
m
-

p
l
e
x
 
a
n
d
 
s
p
e
c
i
a
l
i
s
e
d
.

4
.

m
um

a
r
e
 
o
r
g
a
n
i
s
m
s
 
i
n
 
t
h
e
 
e
a
r
l
y
s
t
a
g
e
s
 
o
f
 
g
r
o
w
t
h
 
a
n
d

d
i
f
f
e
r
e
n
t
i
a
t
i
o
n
 
b
e
f
o
r
e
 
b
i
r
t
h
o
r
 
h
a
t
c
h
i
n
g
.

T
h
e
 
l
i
f
e
 
c
y
c
l
e
s
 
o
f
 
t
h
e

f
r
o
g
 
a
n
d
 
t
o
a
d
 
i
n
v
o
l
v
e
 
t
h
e
 
l
a
y
i
n
g

a
n
d
 
f
e
r
t
i
l
i
s
a
t
i
o
n
 
o
f
e
g
g
s
 
i
n
 
t
h
e
 
w
a
t
e
r
,
 
t
h
e
 
h
a
t
c
h
i
n
g
 
o
f

t
h
e

e
g
g
s
 
i
n
t
o
 
f
r
e
e
 
-
s
o
l
a
r
 
f
a
g
 
a
n
i
m
a
l
s
 
c
a
l
l
e
d
 
t
a
d
p
o
l
e
s
 
w
h
i
c
h

h
a
v
e
 
g
i
l
l
s
,
 
a
n
d
 
t
h
e
 
l
a
t
e
r
m
a
t
e
m
o
r
p
h
o
s
i
s
 
o
r
 
c
h
a
n
g
e
 
t
o

a
d
u
l
t
s
 
w
h
i
c
h
 
h
a
v
e
 
l
u
n
a
r

!
L
I
 
T
o
t
a
l

I
V
.

C
H
I
N
I
S
T
I
C
T

1
.

A
n

l
i
e
 
a
 
c
o
r
r
o
s
i
v
e
 
o
u
b
s
t
a
n
c
e
 
w
h
i
c
h
c
a
n
 
a
t
t
a
c
k
 
t
h
e

c
a
l
c
i
u
m
 
c
o
m
p
o
u
n
d
s
 
o
f
 
t
h
e
 
t
e
e
t
h
.

2
.
 
a
g
a
l
i
b
r
r
i
n
t
h
a
v
e
 
a
 
s
o
u
r
 
t
a
s
t
e
,
 
r
e
a
c
t

vi
m

a
c
t
i
v
e

s
C
a
i
s

b
y
t
r
o
g
e
n
 
g
a
s
,
 
a
n
d
 
p
r
o
d
u
c
e
 
t
h
e

h
y
d
r
o
s
i
u
s
 
i
s
m
 
i
n
 
s
o
l
u
t
i
o
n
,

9
8
.

A
u
t
o
m
a
t
l
o
n
-

N
u
c
l
e
a
r

c
s

l
a
n
c
e

E
n
s

l
o
i
n
s

1 1
1

1
11

11
11

11
11

11
11

1P

3
7

3
e

i
s
 
t
h
e
p
r
o
c
e
s
s
 
i
n
 
w
h
i
c
h
 
a
 
s
u
b
s
t
a
n
c
e
 
c
o
l
l
e
c
t
s

a
 
A
i
m

y
e
s
 
o
f
 
m
o
l
e
c
u
l
e
s
 
o
f
 
a
 
g
a
s
 
o
r
 
l
i
q
u
i
d
 
o
n
 
i
t
s

s
u
r
f
a
c
e
.

1

4
E

A
ki

i
a
n
t
i
f
r
e
e
z
e
 
a
g
e
n
t
 
i
s
 
a
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
w
h
i
c
h
,

w
h
e
n
 
a
d
d
e
d
 
t
o
w
a
t
e
r
,
 
l
o
w
e
r
s
 
t
h
e
 
f
r
e
e
z
i
n
g
 
p
o
i
n
t
 
o
f

t
h
e
 
m
i
x
t
u
r
e
e

1



T
A
B
L
E
 
X
I
I

(
c
o
n
t
i
n
u
e
d
)

P
r
.
m
s
g
s
i
t
e
 
K
n
o
w
l
e
d
g
e

f
o
r
 
M
e
r
e

A
m
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

.
.
.
.
.
.
.
.
.
.
.
.
W
L
.
,
.
W
e
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

I
m
a
m

M
e
d
l
a
y
i

5
.

A
n

m
ot

es
i
s
 
t
h
e
 
s
m
a
l
l
e
s
t
 
p
a
r
t
i
c
l
e
 
o
f
 
a
n
 
e
l
e
m
e
n
t
 
t
h
a
t

h
a
s
 
a
l
l
 
t
h
e
 
p
r
o
p
e
r
t
i
e
s
 
o
f
 
t
h
e
 
e
l
e
m
e
n
t
.

A
.
 
m
o
l
e
c
u
l
e
 
i
s

t
h
e
 
s
m
a
l
l
e
s
t
 
p
a
r
t
i
c
l
e
 
o
f
 
a
 
c
o
m
p
o
u
n
d
 
t
h
a
t
 
c
a
n
 
e
x
i
s
t
.

M
o
l
e
c
u
l
e
s
 
a
r
e
 
c
o
m
p
o
s
e
d
 
o
f
 
a
t
o
m
s
.

6
.

A
u
t
o
-
c
o
s
i
b
u
s
t
i
o
n
 
o
f
 
a
 
f
u
e
l
 
m
e
a
n
s
 
t
h
e
 
f
u
e
l
 
i
s
 
h
o
t
 
e
n
o
u
g
h

t
o
 
s
p
o
n
t
a
n
e
o
u
s
l
y
 
i
g
n
i
t
e
 
w
b
e
n
 
m
i
x
e
d
 
w
i
t
h
 
a
n
 
o
x
i
d
i
s
e
r
.

7
.

C
h
a
r
c
o
a
l
 
i
s
 
e
v
e
r
y
 
e
f
f
e
c
t
i
v
e
 
f
i
l
t
e
r
i
n
g
 
s
u
b
s
t
a
n
c
e
.

I
t

i
s
 
u
s
e
d
 
i
n
 
t
h
e
 
p
u
r
i
f
i
c
a
t
i
o
n
 
o
f
 
w
a
t
e
r
 
i
t
 
r
e
a
d
i
l
y
 
a
b
s
o
r
b
s

g
a
s
e
s
 
a
n
d
 
l
i
q
u
i
d
s
 
o
n
 
i
t
s
 
s
u
r
f
a
c
e
,
 
t
h
u
s
 
r
e
m
o
v
i
n
g
 
o
d
o
r
s
,

c
o
l
o
r
s
,
 
e
t
c
.
 
f
r
o
m
 
w
a
t
e
r
.

8
.
.
 
A

i
s
 
s
u
b
s
t
a
n
c
e
 
c
o
m
p
o
s
e
d
 
o
f
 
t
w
o
 
o
r
 
m
o
r
e
 
e
l
e
-

m
e
n
t
s
 
c
h
e
m
i
c
a
l
l
y
 
c
o
m
b
i
n
e
d
.

9
.
 
A
 
c
o
n
d
e
n
s
e
r
,
 
i
s
 
a
"
d
e
v
i
c
e
 
f
o
r
 
c
h
a
n
g
i
n
g
 
a

g
a
s
,
 
s
u
c
h
 
a
s

s
t
e
a
m
,
 
i
n
t
o
 
a
 
l
i
q
u
i
d
 
b
y
 
r
e
m
o
v
i
n
g
 
b
e
a
t
 
e
n
e
r
g
y
 
f
r
o
m
 
t
h
e

g
a
s
.

1
0
.
 
a
l
,

s
 
a
r
e
 
a
n
y
 
d
l
 
a
 
l
a
r
g
e
 
n
u
m
b
e
r
 
o
f
 
s
y
n
t
h
e
t
i
c

w
a
t
e
i
c
-

l
e
 
o
r
 
l
i
q
u
i
d
 
o
r
g
a
n
i
c
 
s
u
r
f
a
c
e
 
-
 
a
c
t
i
v
e

a
g
e
n
t
s
 
u
s
e
d
 
f
a
r
 
m
e
s
h
i
n
g
.

1
1
.

T
h
e

.
a
g
e
l
i
k
a
L
a
t
a
t
a
 
i
n
v
o
l
v
e
s
 
t
h
e
 
b
r
e
a
k
i
n
g

u
p
 
o
f
w
a
t
e
r
l
s
o
e
c
u
l
e
s
 
i
n
t
o
 
c
o
n
s
t
i
t
u
e
n
t
 
e
l
e
m
e
n
t
s

(
h
y
d
r
a
e
'
s
 
s
a
d
 
c
o
m
e
)
 
b
y
 
m
e
a
n
e
 
o
f
 
a
n
 
e
l
e
c
t
r
i
c

c
o
m
a
e
.

1
2
.
 
A
n
 
e
l
e
c
t
r
o
n
 
i
s
 
a
 
n
e
g
a
t
i
v
e
l
y
 
c
h
a
r
g
e
d
 
p
a
r
t
i
c
l
e
 
w
i
t
h

l
i
t
t
l
e
 
m
a
s
s
 
f
o
u
n
d
 
i
n
 
a
n
 
a
t
o
m
.

1

1 2 1 1 1 2

1



10
0

T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

Ps
er

eo
ui

si
te

 K
no

w
le

dg
e

A
tio

r 
T

hs
m

s
A

ut
om

at
io

n-
N

uc
le

ar

1
3
.
 
A
 
h
o
m
o
g
e
n
e
o
u
s
 
m
a
s
s
 
h
a
s
 
u
n
i
f
o
r
m

s
t
r
u
c
t
u
r
e
 
o
r
 
c
o
m
p
o
-

s
i
t
i
o
n
 
t
h
r
o
u
g
h
o
u
t
.

1
4
.
 
H
o
m
o
g
e
n
i
z
e
d
 
m
e
a
n
s
 
t
o
 
r
e
d
u
c
e
 
t
h
e
p
a
r
t
i
c
l
e
s
 
t
o
 
s
u
c
h
 
a

s
m
a
l
l
 
u
n
i
f
o
r
m
 
s
i
z
e
 
t
h
a
t
 
t
h
e
y
 
b
e
c
o
m
e
d
i
s
t
r
i
b
u
t
e
d

e
v
e
n
l
y
 
t
h
r
o
u
g
h
o
u
t
 
t
h
e
 
m
e
d
i
u
m
.

1
5
.
 
i
l
v
d
r
o
a
a
n
 
i
s
 
c
h
e
m
i
c
a
l
l
y
 
u
n
i
t
e
d
 
w
i
t
h
o
x
y
g
e
n
 
i
n
 
t
h
e

c
o
m
p
o
u
n
d
 
w
a
t
e
r
.

1
6
.
 
H
y
d
r
o
g
e
n
 
i
s
 
t
h
e
 
l
i
g
h
t
e
s
t

e
l
e
m
e
n
t
 
a
n
d
 
a
p
p
e
a
r
s
 
t
o
 
b
e

t
h
e
 
b
u
i
l
d
i
n
g
 
m
a
t
e
r
i
a
l
 
o
f
 
t
h
e
 
u
n
i
v
e
r
s
e
.

1
7
.
 
L
e
a
d
 
i
s
 
a
n
 
e
x
c
e
l
l
e
n
t
 
s
h
i
e
l
d
a
g
a
i
n
s
t
 
r
a
d
i
a
t
i
o
n
s

e
m
i
t
t
e
d
 
b
y
 
r
a
d
i
o
a
c
t
i
v
e
 
s
u
b
s
t
a
n
c
e
s
.

I
S
.
 
I
n
o
r
g
a
n
i
c
 
e
l
e
m
e
n
t
s

o
r
 
s
u
b
s
t
a
n
c
e
s
 
a
r
e
 
d
e
r
i
v
e
d
 
f
r
o
m

o
t
h
e
r
 
t
h
a
n
 
p
l
a
n
t
 
o
r
 
a
n
i
m
a
l
 
m
a
t
e
r
i
a
l
.

T
h
e
y
 
d
o
 
n
o
t

c
o
n
t
a
i
n
 
h
y
d
r
o
c
a
r
b
o
n
s
 
b
u
t
m
a
y
 
c
o
n
t
a
i
n
 
s
o
m
e
 
r
e
-

l
a
t
i
v
e
l
y
 
s
i
m
p
l
e
 
c
a
r
b
o
n
 
c
a
m
2
o
u
n
d
s
.

1
9
.
 
I
o
n
i
s
i
n
g
 
r
a
d
i
a
t
i
o
n
s
 
s
u
c
h

a
s
 
x
-
r
a
y
s
 
a
n
d
 
g
a
m
m
a

r
a
y
s
 
b
r
e
a
k
 
u
p
 
g
a
s
 
m
o
l
e
c
u
l
e
s
 
i
n
t
o
 
e
l
e
c
t
r
i
c
a
l
l
y

c
h
a
r
g
e
d
 
f
r
a
g
m
e
n
t
s
.

S
u
c
h
 
c
h
a
r
g
e
d
 
f
r
a
g
m
e
n
t
s

a
r
e

c
a
l
l
e
d
 
i
o
n
s
 
a
n
d
 
t
h
e
 
g
a
s
 
i
s
 
s
a
i
d

t
o
 
b
e
 
i
o
n
_
 
i
z
e
d
.

S
u
c
h
 
a
 
g
a
s
 
i
s
 
a
b
l
e
 
t
o
 
b
e
h
a
v
e

a
s
 
a
 
c
o
n
d
u
c
t
o
r
 
o
f

e
l
e
c
t
r
i
c
i
t
y
.

2
0
.
 
M
e
t
a
l
s
 
a
r
e
 
e
l
e
m
e
n
t
s
 
t
h
a
t

a
r
e
 
c
e
o
a
b
l
e
 
o
f
 
c
o
n
d
u
c
t
i
n
g

a
n
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
.

1 I

1 1



00
11

71
11

,
T
A
B
U
 
X
I
/

(
C
o
n
t
i
n
u
e
d
)

'
0
1
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

2
1
.
 
M
e
t
a
l
 
s
u
l
f
i
d
e
s
 
a
r
e
 
c
h
e
m
i
c
a
l
 
c
o
m
p
o
u
n
d
s
c
o
m
p
o
s
e
d
 
o
f
 
a

m
e
t
a
l
 
c
o
m
b
i
n
e
d
 
w
i
t
h
 
s
u
l
f
u
r
 
a
n
d

c
a
n
 
b
e
 
c
o
n
v
e
r
t
e
d
 
t
o

m
e
t
a
l
 
s
u
l
f
a
t
e
s
 
w
h
i
c
h

a
r
e
 
c
h
e
m
i
c
a
l
 
c
o
m
p
o
u
n
d
s
 
c
o
m
p
o
s
e
d

o
f
 
a
 
m
e
t
a
l
 
c
o
m
b
i
n
e
d
 
w
i
t
h
 
t
h
e
 
s
u
l
f
a
t
e
g
r
o
u
p
 
(
S
O
4
)
 
b
y

t
h
e
 
p
r
o
c
e
s
s
 
o
f
 
o
x
i
d
a
t
i
o
n
.
 
M
o
s
t
 
m
e
t
a
l

s
u
l
f
i
d
e
s
 
a
r
e

i
n
s
o
l
u
b
l
e
 
i
n
 
w
a
t
e
r
 
w
h
e
r
e
a
s
 
m
o
s
t
 
o
f
 
t
h
e
 
m
e
t
a
l

s
u
l
-

f
a
t
e
s
 
a
r
e
 
s
o
l
u
b
l
e
.

2
2
.
 
M
o
l
e
c
u
l
e
 
i
s
 
t
h
e
 
s
m
a
l
l
e
s
t
 
p
o
r
t
i
o
n
 
o
f

a
n
 
e
l
e
m
e
n
t

o
r
 
c
o
m
p
o
u
n
d
 
t
h
a
t
 
r
e
t
a
i
n
s
 
c
h
e
m
i
c
a
l
 
i
d
e
n
t
i
t
y
 
o
f
 
t
h
e

s
u
b
s
t
a
n
c
e
.

I
t
 
u
s
u
a
l
l
y
 
c
o
n
s
i
s
t
s
 
o
f

a
 
c
h
e
m
i
c
a
l
 
u
n
i
o
n

o
f
 
t
w
o
 
o
r
 
m
o
r
e
 
a
t
o
m
s
.

M
a
j
o
r

T
IM

IS
A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

a
c
e

h
 
b
e
r
n
e
t
i
c
s

S
c
i

-
2
3
.
 
A
 
n
e
u
f
r
o
n
 
i
s
 
a
n
 
e
l
e
c
t
r
i
c
a
l
l
y
 
n
e
u
t
r
a
l

n
u
c
l
e
a
r
 
p
a
r
t
i
c
l
e

t
h
a
t
 
h
a
s
 
a
 
m
a
s
s
 
o
f

o
n
e
 
a
t
o
m
i
c
 
m
a
s
s
 
u
n
i
t
.

T
h
e

n
u
 
m
e
s
o
n
 
i
s
 
a
 
n
u
c
l
e
a
r
 
p
a
r
t
i
c
l
e
 
t
h
a
t
 
h
a
s
 
a
 
n
e
g
a
t
i
v
e

c
h
a
r
g
e
 
a
n
d
 
A
l
i
n
e
s
 
a
b
o
u
t
 
2
0
0
 
t
i
m
e
s
 
t
h
e
m
a
s
s
 
o
f
 
t
h
e

e
l
e
c
t
r
o
n
.

2
4
.
 
A
i
t
r
o
a
t
i
 
i
s

a
 
c
o
l
o
r
l
e
s
s
,
 
o
d
o
r
l
e
s
s
,
 
g
a
s
e
o
u
s
 
c
h
e
m
i
c
a
l

e
l
e
m
e
n
t
 
a
s
k
i
n
g
 
u
p
 
n
e
a
r
l
y
 
f
o
u
r
-
 
f
i
f
t
h
s
 
o
f
 
t
h
e
 
e
a
r
t
h
'
s

a
t
m
o
s
p
h
e
r
e
 
a
n
d
 
i
s
 
e
s
s
e
n
t
i
a
l
 
t
o
 
p
l
a
n
t
 
g
r
o
w
t
h
.

2
5
.
 
O
r
g
a
n
i
c
 
m
a
t
t
e
r
 
i
s
 
l
i
k
e
,

o
r
 
d
e
r
i
v
e
d
 
f
r
o
m
 
l
i
v
i
n
g

o
r
g
a
n
i
s
m
s
 
a
n
d
 
a
l
w
a
y
s
 
c
o
n
t
a
i
n
s
 
t
h
e
 
e
l
e
m
e
n
t

c
a
r
b
o
n
.

2
6
.
 
O
x
i
d
a
t
i
o
n
 
i
s

a
 
p
r
o
c
e
s
s
 
i
n
 
w
h
i
c
h
 
a
 
s
u
b
s
t
a
n
c
e
 
u
n
i
t
e
s

c
h
e
m
i
c
a
l
l
y
 
w
i
t
h
 
o
x
y
g
e
n
.

2
7
.
 
A
n
 
o
x
i
d
i
s
e
r
 
i
s

a
 
s
u
b
s
t
a
n
c
e
 
t
h
a
t
 
u
n
i
t
e
s
 
w
i
t
h
 
t
h
e
 
f
u
e
l

i
n
 
a
 
r
o
c
k
e
t
 
i
n
 
t
h
e
 
p
r
o
c
e
s
s
 
o
f
 
b
u
r
n
i
n
g
.

2
8
.
 
P
o
l
y
c
y
c
l
i
c
 
h
y
d
r
o
c
a
r
b
o
n
s

a
r
e
 
m
o
l
e
c
u
l
e
s
 
c
o
n
t
a
i
n
i
n
g

h
y
d
r
o
g
e
n
 
a
n
d
 
c
a
r
b
o
n
 
t
h
a
t
 
c
o
n
t
a
i
n
 
t
w
o

o
r
 
m
o
r
e
 
g
r
o
u
p
-

i
n
g
s
 
o
f
 
a
t
o
m
s
 
i
n
 
t
h
e
 
f
o
r
m
 
o
f
 
r
i
n
g
s
 
o
r
 
c
l
o
s
e
d
 
c
h
a
i
n
s
.

2 1 1 2 2



P
r
e
r
e
q
u
i
s
i
t
e

T
O
L
E
 
X
I
I
 
(
C
o
n
t
i
n
u
e
d
)

2
9
.
 
p
r
o
p
e
l
l
a
n
t
s
,
 
a
r
e
 
m
a
t
e
r
i
a
l
s

c
a
p
a
b
l
e
 
o
f
 
p
r
o
p
e
l
l
i
n
g
 
a

r
o
c
k
e
t
 
i
n
t
o

s
p
a
c
e
.

3
0
.
 
S
a
t
u
r
a
t
i
o
n
 
o
f
 
a
 
s
a
l
t
 
s
o
l
u
t
i
o
n
m
e
a
n
s
 
t
h
a
t
 
t
h
e
 
s
o
l
u
-

t
i
o
n
 
h
o
l
d
s
 
a
l
l
 
o
f
 
t
h
e
 
d
i
s
s
o
l
v
e
d
 
s
a
l
t
 
i
t
 
i
s

c
a
p
a
b
l
e

o
f
 
h
o
l
d
i
n
g
 
a
t
 
t
h
a
t

t
e
m
p
e
r
a
t
u
r
e
.

3
1
.
 
S
U
i
c
o
n
 
i
s
 
a
 
n
o
n
m
e
t
a
l
l
i
c
 
e
l
e
m
e
n
t

o
c
c
u
r
i
n
g
 
a
b
u
n
d
a
n
t
l
y

i
n
 
a
 
c
o
m
b
i
n
e
d
 
f
o
r
m
 
i
n
 
n
a
t
u
r
e
.

3
2
.
 
A
 
s
o
l
u
t
i
o
n
 
i
s
 
a
 
m
i
x
t
u
r
e
 
o
f
o
n
e
 
s
u
b
s
t
a
n
c
e
 
(
s
o
l
u
t
e
)

d
i
s
s
o
l
v
e
d
 
i
n
 
a
n
o
t
h
e
r
 
s
u
b
s
t
a
n
c
e
 
(
s
o
l
v
e
n
t
)
.

3
3
.
 
A
 
s
o
l
v
e
n
t
 
i
s
 
t
h
a
t
p
a
r
t
 
o
f
 
a
 
s
o
l
u
t
i
o
n
 
i
n
 
w
h
i
c
h
 
t
h
e

4
4
n
t
e
 
i
s
 
d
i
s
s
o
l
v
e
d
.

3
4
.
 
A
c
c
o
r
d
i
n
g
 
t
o
 
t
h
e
q
u
a
n
t
u
m
 
t
h
e
o
r
y
 
a
n
 
e
l
e
c
t
r
o
n
 
i
n
 
a
n

a
t
o
m
 
c
a
n
 
o
n
l
y
 
h
a
v
e
 
c
e
r
t
a
i
n
p
a
r
t
i
c
u
l
a
r
 
e
n
e
r
g
y
 
l
e
v
e
l
s

w
h
i
c
h
 
a
r
e
 
i
n
t
e
g
r
a
l
 
=
l
a
p
i
s
*
 
o
f
 
t
h
e
 
s
m
a
l
l
e
s
t

u
n
i
t
.

T
h
e
 
l
o
w
e
s
t

e
n
e
r
g
y
 
o
r
 
"
g
r
o
u
n
d
 
s
t
a
t
e
"
 
o
f
 
t
h
e
 
e
l
e
c
t
r
o
n

is
 th

e 
m

os
t S

ab
le

sw
ea

rs
 le

ve
l.

3
5
.
 
E
d
i
x
 
i
s
 
a
 
p
a
l
e
m
y
e
l
l
o
w
 
n
o
n
m
e
t
a
l
l
i
c
 
c
h
e
m
i
c
a
l
e
l
e

m
e
a
t
.

S
u
l
f
u
r
 
a
n
d
 
c
o
m
p
o
u
n
d
s
 
o
f
 
s
u
l
f
u
r
a
r
e
 
f
o
u
n
d
 
i
n

a
b
u
n
d
a
n
c
e
 
i
n
 
a
r
e
a
s
 
o
f
 
v
o
l
c
a
n
i
c

a
c
t
i
v
i
t
y
.

3
6
.
 
S
u
l
f
u
r
 
d
i
o
x
i
d
e
 
p
l
u
s
 
w
a
t
e
r
 
f
r
o
m
 
t
h
e
 
a
i
r
 
f
o
r
m
s

a
 
m
i
s
t

o
f
 
s
u
l
f
u
r
o
u
s
 
a
c
i
d
 
w
h
i
c
h
 
i
s
h
i
g
h
l
y
 
t
o
x
i
c
 
a
n
d
 
c
o
r
r
o
s
i
v
e
.

3
7
.
 
T
i
t
a
n
i
u
m
 
i
s
 
a
 
m
e
t
a
l
l
i
c
 
c
h
e
m
i
c
a
l
 
*
l
a
m
e
n
t
 
w
i
t
h

a
 
v
e
r
y

h
i
g
h
 
m
e
l
t
i
n
g
 
p
o
i
n
t
 
a
n
d
 
v
e
r
y
 
s
t
r
o
n
g
 
s
t
r
u
c
t
u
r
a
l

c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
.

1
0
2
.

M
I
I
I
M
A
I
M
I
L

A
u
t
o
m
a
t
i
o
n
-

'
W
e
i
s
e
r

a
c
e

t
i
c
s

c
i

1 1 1

1

a



M
L
R
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

1
0
3
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

3
8
.
 
W
a
t
e
r
 
v
a
p
o
r
,
 
a
g
a
s
,
 
i
s
 
c
o
m
p
o
s
e
d
 
o
f
 
m
o
l
e
c
u
l
e
s
 
o
f

w
a
t
e
r
.

E
a
c
h
 
!
m
o
l
e
c
u
l
e
 
o
f
 
w
a
t
e
r
 
i
s

c
o
m
p
o
s
e
d
 
o
f
 
t
w
o

a
t
o
m
s
 
o
f
 
h
y
d
r
o
g
e
n
 
a
n
d
 
o
n
e
 
a
t
o
m
 
o
f

o
x
y
g
e
n
 
t
h
a
t
 
a
r
e

C
h
e
m
i
c
a
l
l
y
 
u
n
i
t
e
d
.

3
9
.
 
A
 
w
e
t
t
i
n
g
 
a
g
e
n
t
 
i
s

a
n
y
 
s
u
b
s
t
a
n
c
e
 
t
h
a
t
 
p
r
o
m
o
t
e
s
 
t
h
e

s
p
r
e
a
d
i
n
g
 
o
f
 
a
 
l
i
q
u
i
d
 
o
n
 
a
 
s
u
r
f
a
c
e
 
o
r
 
i
t
s
p
e
n
e
t
r
a
-

t
i
o
n
 
i
n
t
o
 
a
 
n
o
t
a
r
i
a
l
.

S
u
b
 
T
o
t
a
l

V
.

C
O
M
P
U
T
E
R
 
S
C
I
E
N
C
E
S

1
.
 
A
u
t
o
m
a
t
i
s
m
 
e
x
i
s
t
s
 
w
h
e
n
 
t
h
e

o
p
e
r
a
t
i
o
n
 
o
f
 
a
n
 
a
p
p
a
r
a
t
u
s

i
s
 
a
u
t
o
m
a
t
i
c
a
l
l
y
 
c
o
n
t
r
o
l
l
e
d
 
o
r
 
w
h
e
n
a
 
s
y
s
t
e
m
 
o
f

m
e
c
h
a
n
i
c
a
l
 
o
r
 
e
l
e
c
t
r
o
n
i
c
 
d
e
v
i
c
e
s
 
t
a
k
e
 
t
h
e

p
l
a
c
e
 
o
f

h
u
m
a
n
 
f
u
n
c
t
i
o
n
s
 
o
f
 
o
b
s
e
r
v
a
t
i
o
n
,

e
f
f
o
r
t
,
 
a
n
d
 
d
e
c
i
s
i
o
n
.

4

2
.
 
A
c
o
m
p
a
t
e
r
 
i
s
 
a
 
s
p
e
c
i
a
l
i
s
e
d
 
e
l
e
c
t
r
o
n
i
c
 
c
a
l
c
u
l
a
t
o
r

d
e
s
i
g
n
e
d
 
t
o
 
p
e
r
f
o
r
m
 
r
a
p
i
d
 
m
a
t
h
e
m
a
t
i
c
a
l
 
o
p
e
r
a
t
i
o
n
s
.

6

3
.
 
A
 
c
o
m
p
u
t
e
r
 
p
r
o
g
r
a
m
i
c
o
n
s
i
s
t
s
 
o
f
 
a
 
s
p
e
c
i
f
i
c
 
s
e
t
 
o
f

i
n
s
t
r
u
c
t
i
o
n
s
 
t
o
 
b
e
 
f
o
l
l
o
w
e
d
 
b
y
 
t
h
e
 
c
o
m
p
u
t
e
r
.

A
u
t
o
m
a
t
i
o
n
-

/
e
c
l
a
i
r

4
.

C
y
b
e
r
n
e
t
i
c
s
 
p
e
r
t
a
i
n
s

t
o
 
t
h
e
 
c
o
m
p
a
r
a
t
i
v
e
 
s
t
u
d
y
 
o
f

e
l
e
c
t
r
o
n
i
c
 
c
a
l
c
u
l
a
t
i
n
g
 
m
a
c
h
i
n
e
s
a
n
d
 
s
y
s
t
e
m
s
 
a
n
d
 
t
h
e

h
u
m
a
n
 
p
a
r
y
o
u
s
 
s
y
s
t
e
m
.

5
.

S
i
m
u
l
a
t
e
d
 
b
a
r
n

p
i
s
r
0
,
2
0
6
 
b
Y

c
o
m
p
u
t
e
r
 
i
m
p
l
i
e
s
 
t
h
a
t

t
h
e
 
c
o
m
p
u
t
e
r
 
w
i
l
l
 
b
e
,
 
a
b
l
e
 
t
o
 
i
m
i
t
a
t
e
o
r
 
C
h
a
r
a
c
t
e
r
i
s
e

h
u
m
a
n
 
b
e
h
a
v
i
o
r
.

S
u
b
 
T
o
t
a
l

1
3

3
0

1
9



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

1
0
4
.

.
.
.
E
P
a
r
m
i
L
a
t
t
a
m
d
A
A
I

V
I
.

E
N
G
I
N
E
E
R
I
N
G

,

1
.

F
a
l
l
o
u
t
 
s
h
e
l
t
e
r
,
 
a
r
e
p
r
o
t
e
c
t
e
d
 
a
r
e
a
s
 
i
n
 
w
h
i
c
h
 
t
h
e
 
p
u
b
l
i
c

c
a
n
 
s
e
e
k
 
p
r
o
t
e
c
t
i
o
n
 
f
r
o
m
 
a
t
o
m
i
c
 
f
a
l
l
o
u
t
 
i
f
a
 
n
u
c
l
e
a
r

e
x
p
l
o
s
i
o
n
 
t
a
k
e
n
 
p
l
a
c
e
.

2
.
 
A
 
t
a
n
k
e
r
'
s
 
b
o
a
s
 
i
s
 
a
s
p
e
c
i
a
l
 
r
e
f
u
e
l
i
n
g
 
l
i
n
e
 
t
h
a
t
 
a
l
l
o
w
s

a
i
r
c
r
a
f
t
 
t
o
 
b
e
 
r
e
f
u
e
l
e
d
 
w
h
i
l
e
 
i
n

f
l
i
g
h
t
.

S
u
b
 
T
o
t
a
l

V
I
I
,

G
2
O
L
O
G
Y

1
.

C
a
r
b
o
n
a
t
f
z
i
a
 
c
o
n
t
a
i
n
s
 
s
a
l
t
s
 
o
f
 
c
a
r
b
o
n
i
c
 
a
c
i
d
 
a
n
d
r
e

l
e
a
s
e
s

t
w
o
 
g
a
s
e
s
,
 
c
a
r
b
o
n
 
d
i
o
x
i
d
e
 
a
n
d
 
c
a
r
b
o
n
m
o
n
o
x
i
d
e
,

w
h
e
n
 
h
e
a
t
e
d
 
i
n
t
e
n
s
i
v
e
l
y
.

2
.
 
A
 
d
r
i
f
t
l
p
f
s

a
r
o
k
p
 
i
s
 
a
 
n
o
n
-
 
g
l
a
c
i
a
t
e
d
 
a
r
e
a
.

3
.

E
r
o
s
i
o
n
 
i
s
 
t
h
e
 
w
e
a
r
i
n
g
 
a
w
a
y
 
o
f
 
t
h
e
 
e
a
r
t
h
'
s
 
s
u
r
f
a
c
e

b
y
 
c
h
e
m
i
c
a
l
 
a
n
d
 
p
h
y
s
i
c
a
l
 
M
I
N
O
S
 
(
s
u
c
h
a
s
 
r
a
i
n
,
 
s
e
e
m
,

r
u
n
n
i
n
g
 
v
o
t
e
r
,
 
f
r
e
e
z
i
n
g
,
 
g
r
a
v
i
t
y
,
 
e
t
c
.
)

4
.

T
h
e
 
a
b
s
e
n
c
e
 
o
f
 
a
n
a
t
m
o
s
p
h
e
r
e
 
o
n
 
t
h
e
 
m
o
o
n
 
w
i
l
l
 
e
l
i
m
i
r

n
a
t
e
 
e
r
o
s
i
o
n
 
c
a
u
s
e
d
 
b
y
 
w
i
n
d
,

r
a
i
n
,
 
s
n
o
w
,
 
e
t
c
.
,
 
t
h
a
t

i
s

t
h
o
s
e
 
e
r
o
s
i
v
e
 
f
a
c
t
o
r
s
 
c
a
u
s
e
d

b
y
 
w
e
a
t
h
e
r
.

5
.
 
A
 
"
m
u
l
l
s
 
a
 
b
r
e
a
k

o
r
 
f
r
a
c
t
u
r
e
 
i
n
 
t
h
e
 
e
a
r
t
h
'
s
 
c
r
u
s
t

a
c
c
o
m
p
a
n
i
e
d
 
b
y
 
a
 
d
i
s
p
l
a
c
e
m
e
n
t
 
o
f
 
o
n
e
 
s
i
d
e
 
o
f
 
t
h
e

f
r
a
c
t
u
r
e
 
w
i
t
h
r
e
s
p
e
c
t
 
t
o
 
t
h
e
 
o
t
h
e
r
.

6
.

F
o
s
s
i
l
s
 
a
r
e
 
t
h
e
 
p
r
e
s
e
r
v
e
d
 
r
e
m
a
i
n
s
 
o
f
 
p
l
a
n
t
s
 
a
n
d

a
n
i
m
a
l
s
 
o
f
 
s
o
m
e
 
p
r
e
v
i
o
u
s
 
g
e
o
l
o
g
i
c
a
l

a
g
e
.

C

&
I
M
A
M

A
u
t
o
m
a
t
i
o
n
-

I
m
a
m
=

i
c
s

I

1

1

2
2

1

4.
11

01
6W

Il
ilM

ai
iii

gi
iii

10
0.

11
61

61
ii1

01
10

01
11

11
11

11
11

41
1.

11
10

11
1N

11
10

11
1M



71
.

,-
-1

11
'

T
A
B
L
E
 
X
I
I
 
(
C
o
n
t
i
n
u
e
d
)

1
0
5
.

P
r
e
v
a
i
l
:
0
4
e
 
I
n
o
w
l
e
d
t
e

i
t
a
r
r
.
.
.
1
1
1
.
1
1

A
u
t
o
n
a
t
i
o
m

U
n
c
l
e
a
r

7
.

F
o
s
s
i
l
 
f
u
e
l
s
,
 
s
u
c
h

a
s
 
c
o
a
l
,
 
o
i
l
,
 
a
n
d
 
n
a
t
u
r
a
l
 
g
a
s
 
w
e
r
e

f
o
r
m
e
d
 
b
y
 
t
h
e
 
d
e
p
o
s
i
t
i
n
g
 
o
f

p
r
e
 
-
 
h
i
s
t
o
r
i
c
 
p
l
a
n
t
 
a
n
d

a
n
i
m
a
l
 
m
a
t
e
r
i
a
l
s
 
o
n
 
c
h
i
t
 
e
a
r
t
h
'
s
 
s
u
r
f
a
c
e
a
n
d
 
t
h
e
i
r

g
r
a
d
u
a
l
 
c
o
n
v
e
r
s
i
o
n
 
t
o
 
t
h
e
s
e
 
f
u
e
l
s

o
v
e
r
 
a
 
l
o
n
g
 
p
e
r
i
o
d

o
f
 
t
i
m
e
.

8
.

T
h
e
 
m
o
h
o
 
i
s
 
a
 
r
e
g
i
o
n
 
i
n
 
t
h
e
e
a
r
t
h
 
l
o
c
a
t
e
d
 
a
b
o
u
t
 
t
h
r
e
e

m
i
l
e
s
 
b
e
n
e
a
t
h
 
t
h
e
o
c
e
a
n
 
f
l
o
o
r
 
o
r
 
a
b
o
u
t
 
2
5
 
s
i
t
e
s
 
b
e

n
e
a
t
h
 
t
h
e
 
c
o
n
t
i
m
e
n
t
a
l
 
s
u
r
f
a
c
e
 
i
n
w
h
i
c
h
 
t
h
e
r
e
 
i
s
 
a

c
h
a
n
g
e
 
i
t
 
t
h
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
 
e
a
r
t
h
m
a
t
e
r
i
a
l
s
 
f
r
o
m

t
h
o
s
e
 
o
f
 
t
h
e
 
e
a
r
t
h
'
s
 
c
r
u
s
t

t
o
 
t
h
o
s
e
 
o
f
 
t
h
e
 
s
u
b
-

j
a
c
e
n
t
 
m
a
n
t
l
e
.

9
.
 
A
n
 
o
r
e
 
i
s
 
a
 
c
o
m
b
i
n
a
t
i
o
n
 
o
f
m
i
n
e
r
a
l
s
 
f
r
o
m
 
w
h
i
c
h
 
a

m
e
t
a
l
 
o
r
 
m
e
t
a
l
s
c
a
n
 
b
e
 
p
r
o
f
i
t
a
b
l
y
 
e
x
t
r
a
c
t
e
d
 
o
r

s
e
p
a
-

r
a
t
e
d
.
 
k
o
m
 
t
r
a
d
e
o
r
e
,
 
c
o
n
t
a
i
n
 
s
u
c
h
 
a
 
s
m
a
l
l
 
s
w
u
m

o
f
 
m
e
t
a
l
 
t
h
a
t
 
t
h
e
y

a
r
e
 
n
o
t
 
e
c
o
n
o
m
i
c
a
l
l
y
 
u
s
e
a
b
l
e
.

1
0
.
 
A
n
e
w
:
6
m
m
'
,
 
t
h
e

e
x
p
o
s
u
r
e
 
o
f
 
a
 
m
i
n
e
r
a
l
 
o
n
 
t
h
e
 
s
u
r
-

f
a
c
e
 
o
f
 
t
h
e
 
g
r
o
u
n
d
.

1
1
.
 
R
a
d
i
o
m
e
t
r
i
c
 
d
e
s
t
i
n
e
 
o
f

f
o
s
s
i
l
s
 
i
s
 
a
m
e
a
n
s
 
o
f
 
d
e
t
e
r
m
i
n
i
n
g

t
h
e
 
a
g
e
 
o
f
 
p
l
a
n
t
o
r
 
a
n
i
m
a
l
 
f
o
s
s
i
l
s
 
b
y
 
d
e
t
e
r
m
i
n
i
n
g
 
t
h
e

a
m
o
u
n
t
 
o
f
 
r
a
d
i
o
a
c
t
i
v
e
 
c
a
r
b
o
n
 
f
o
u
n
d
 
i
n
t
h
e
 
f
o
s
s
i
l
 
a
n
d

c
a
l
c
u
l
a
t
i
n
g
 
t
h
e
 
t
i
m
e
 
i
t
 
h
a
s
 
t
a
k
e
n
t
o
 
r
e
a
c
h
 
t
h
a
t
 
s
t
a
t
e

a
t
 
a
 
k
n
o
w
n
 
d
e
c
a
y
 
r
a
t
e
.

1
2
.

P
u
m
i
c
e
,
 
i
s
 
a
 
k
i
n
d
 
o
f
 
v
o
l
c
a
n
i
c
g
l
a
s
s
 
t
h
a
t
 
i
s
 
s
o
 
f
u
l
l
 
o
f

m
i
n
u
t
e
 
c
a
v
i
t
i
e
s
 
t
h
a
t
 
i
t
s
 
o
v
e
r
a
l
l
 
d
e
n
s
i
t
y
i
s
 
1
 
t
h
a
n

t
h
a
t
 
o
f
 
w
a
t
e
r
.

1
3
.
 
S
e
i
s
m
i
c
 
d
e
t
e
r
 
i
n
v
o
l
v
e
s

t
h
e
 
d
e
t
e
c
t
i
o
n
 
a
n
d
 
m
e
a
s
u
r
e
-

e
e
n
t
 
o
f
 
t
h
e
 
e
a
r
t
h
'
s
 
m
o
v
e
m
e
n
t
s
 
s
u
c
h
a
s
 
e
a
r
t
h
q
u
a
k
e
s
,

b
l
a
s
t
s
,
 
o
r
 
o
t
h
e
r
 
d
i
a
s
t
r
o
p
h
i
o
n
s
.
.

1

2 1 2 1

1

4
=
1
.
1
1
1
.
1
.
1
4



P
r
o
r
m
i
f
A
t
e
 
K
n
o
s
t
e
d
e
s

T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

1
0
d
.

A
n
t
a
s
a
t
i
o
n

U
n
c
l
e
a
r

1
4
.

S
e
i
s
m
o
l
o
r
r
 
i
s
 
a
 
s
t
u
d
y
 
o
f
m
o
v
e
m
e
n
t
s
 
o
f
 
t
h
e
 
e
a
r
t
h
'
s

c
r
u
s
t
 
a
s
 
i
n
 
e
a
r
t
h
q
u
a
k
e
s
.

1
5
.

S
h
i
e
l
d
 
v
o
l
c
a
n
o
e
s
 
f
o
r
m
 
d
o
m
e
s

c
o
m
p
o
s
e
d
 
a
l
m
o
s
t
 
e
n
t
i
r
e
l
y

o
f
 
l
a
v
a
.

T
h
e
 
e
r
u
p
t
i
o
n
s
 
a
r
e
 
l
a
r
g
e
l
y
 
q
u
i
e
t

a
n
d
 
f
o
r
m

g
e
n
t
l
y
 
s
l
o
p
i
n
g
 
s
h
i
e
l
d
 
s
h
a
p
e
d

d
o
m
e
s
.

1
6
.
 
A
 
s
t
r
a
t
i
f
i
e
d
 
s
u
r
f
a
c
e
i
s
 
a
n
 
a
r
r
a
n
g
e
m
e
n
t
 
o
f
 
t
h
e
 
s
e
d
i

m
e
n
t
a
r
y
 
r
o
c
k
s
 
i
n
t
o
 
l
a
y
e
r
s

o
r
 
d
i
v
i
s
i
o
n
s
 
o
f
t
e
n
 
m
a
r
k
i
n
g

t
h
e
 
c
i
r
c
u
m
s
t
a
n
c
e
s
 
o
f
 
d
e
p
o
s
i
t
i
o
n
.

1
7
.
 
A
 
t
e
r
m
i
n
a
l

m
ss

i
s
 
a
n
 
a
c
c
u
m
u
l
a
t
i
o
n
 
o
f
 
e
a
r
t
h
,

s
t
o
n
e
s
,

e
t
c
.
 
c
a
r
r
i
e
d
 
b
y
 
a
 
g
l
a
c
i
e
r
 
a
n
d
 
d
e
p
o
s
i
t
e
d
w
h
e
n
 
t
h
e

g
l
a
c
i
e
r
 
r
e
c
e
d
e
d
.

1
8
.

V
o
l
c
a
n
i
c
 
f
i
s
s
u
r
e
s
 
a
r
e
 
c
r
a
c
k
s

o
r
 
c
l
e
f
t
s
 
i
n
 
t
h
e
 
e
a
r
t
h
'
s

s
u
r
f
a
c
e
 
t
h
r
o
u
g
h
 
w
h
i
c
h
 
m
o
l
t
e
n
 
r
o
d
'

a
n
d
 
s
u
l
f
u
r
o
u
s
 
g
a
s
e
s

e
s
c
a
p
e
.

1
9
.
 
A
 
w
a
t
q
r
s
h
e
d
 
i
s
 
t
h
e
 
c
a
t
c
h
m
e
n
t
a
r
e
a
 
o
r
 
d
r
a
i
n
a
g
e
 
b
a
s
i
n

f
r
o
m
 
w
h
i
c
h
 
t
h
e
 
w
a
t
e
r
s
 
o
f
a
 
s
t
r
e
a
m
 
o
r
 
s
t
r
e
w
n
 
s
y
s
t
e
m

a
r
e
 
d
r
a
w
n
_

2 2

0

2 I 1 1
.

41
11

11
11

01
11

S
u
b
 
T
o
t
a
l

I
8

1
7

2

V
I
I
I
.
 
m
s
n
o
m
m
o
c
r

1
.

A
t
m
o
s
S
h
e
r
i
c
 
t
i
d
e
s
 
a
r
e
 
v
a
s
t
m
o
v
e
m
e
n
t
s
 
o
f
 
t
h
e
 
e
a
r
t
h
e
s

a
t
m
o
s
p
h
e
r
e
 
c
a
u
s
e
d
 
b
y
 
t
h
e
 
g
r
a
v
i
t
a
t
i
o
n
a
l

a
t
t
r
a
c
t
i
o
n

b
e
t
s
e
e
n
 
i
t
 
a
n
d
 
t
h
e
 
n
o
o
n
 
a
n
d

s
u
n
.

2
.

C
l
o
u
d
 
p
a
t
t
e
r
n
s
 
o
r
 
f
o
r
m
a
t
t
o
n
s

a
r
e
 
a
s
s
o
c
i
a
t
e
d
 
w
i
t
h

w
e
a
t
h
e
r
 
c
o
n
d
i
t
i
o
n
s
.

1



T
A
B
I
Z

m
 (

co
ut

in
a.

d)
p
s
e
r
.
.
.
L
t
t
t
l
i
m
t
&
u
t

3
.

C
l
o
u
d
 
s
e
e
d
i
n
g
 
o
r
 
"
n
u
c
l
e
a
t
i
n
g
"

i
n
v
o
l
v
e
s
 
t
h
e
 
u
s
e
 
o
f
 
s
o
l
i
d

c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
s
 
s
u
c
h
a
s
 
s
i
l
v
e
r
 
i
o
d
i
d
e
 
t
o
 
s
e
r
v
e
 
a
s

t
i
n
y
 
n
u
c
l
e
i
 
o
n
 
w
h
i
c
h
 
w
a
t
e
r
v
a
p
o
r
 
c
a
n
 
c
o
n
d
e
n
s
e
 
a
n
d

f
o
r
m
 
r
a
i
n
d
r
o
p
s
.

4
,

ra
tin

sa
gs

itg
a 

pe
rt

ai
ns

t
o
 
s
t
u
d
i
e
s
 
o
f
 
t
h
e

w
ea

th
er

a
n
d

5
.

M
o
n
s
o
o
n
s
 
a
r
e
 
s
e
a
s
o
n
a
l
 
w
i
n
d
s
 
o
f
 
t
h
e

I
n
d
i
a
n
 
O
c
e
a
n
 
a
n
d

S
o
u
t
h
 
A
s
i
a
 
w
h
i
c
h
c
a
r
r
y
 
l
a
r
g
e
 
a
m
o
u
n
t
s
 
o
f
 
m
o
i
s
t
u
r
e
 
t
o

t
h
e
 
l
a
n
d
 
a
r
e
a
s
o
v
e
r
 
w
h
i
c
h
 
t
h
e
y
 
b
l
o
w
.

6
.

T
h
e
 
n
u
c
l
e
u
s
 
o
f
a
 
r
a
i
n
d
r
o
p
 
i
s
 
t
h
e
 
f
r
a
g
m
e
n
t
 
o
f
 
s
o
l
i
d

m
a
t
e
r
i
a
l
 
w
h
i
c
h

c
o
m
p
o
s
e
s
 
t
h
e
 
c
e
n
t
e
r
 
o
f
 
t
h
e
 
r
a
i
n
d
r
o
p
.

S
u
b
 
T
o
t
a
l

I
X
.

O
C
E
A
N
O
G
R
A
P
H
Y

1
.
 
A
 
b
a
t
h
v
s
t
-
g
i
s

a
 
n
a
v
i
g
a
b
l
e
 
s
u
b
m
e
r
s
i
b
l
e
 
s
h
i
p
 
t
h
a
t

i
s
 
u
s
e
d
 
f
o
r
 
d
e
e
p
s
e
a
 
e
x
p
l
o
r
a
t
i
o
n
,
 
h
a
s
 
a
 
s
p
h
e
r
i
c
a
l

w
a
t
e
r
t
i
g
h
t
 
c
a
b
i
n
 
a
t
t
a
c
h
e
d
 
t
o
 
i
t
s
u
n
d
e
r
s
i
d
e
,
 
a
n
d

u
s
e
s
 
g
a
s
o
l
i
n
e
 
f
o
r
 
l
i
f
t
 
a
n
d
 
s
h
o
t
 
f
o
r
 
b
a
l
l
a
s
t
.

S
u
b
 
T
o
t
a
l

1
0
7
.

2 1 1 1
11

11
11

11
11

11
11

11
1

6



.-
1

T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

11
11

.1
1
0
S
.

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n

N
u
c
l
e
a
r

S
p
a
c
e
 
C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

t
e
e
m

M
e
d
i
c
i
n
e

X
.

P
H
Y
S
I
C
S

A
.

E
l
e
c
t
r
i
c
i
t
y

M
a
g
n
e
t
i
s
m

1
.
 
A
n
t
k
a
g
s
l
i
a
t
g
a
 
c
o
v
e
r
i
n
g
 
i
s
 
u
s
e
d

o
n
 
a
i
r
p
l
a
n
e
s
 
f
l
y
i
n
g

a
t
 
v
e
r
y
 
h
i
g
h
 
a
l
t
i
t
u
d
e
s
 
t
o
 
h
e
l
p
p
r
o
t
e
c
t
 
t
h
e
 
s
u
r
f
a
c
e

o
f
 
t
h
e
 
a
i
r
c
r
a
f
t
 
f
r
o
m
 
i
n
t
e
n
s
e
 
r
a
d
i
a
t
i
o
n
a
t
 
t
h
i
s

a
l
t
i
t
u
d
e
.

2
.
 
C
h
a
r
l
e
s
 
C
o
u
l
o
m
b
,

a
 
F
r
e
n
c
h
 
p
h
y
s
i
c
i
s
t
,
 
f
o
u
n
d
 
b
y

e
x
p
e
r
i
m
e
n
t
a
l
 
m
e
t
h
o
d
s
 
t
h
a
t
 
t
h
e
 
f
o
r
c
e
 
b
e
t
w
e
e
n

e
l
e
c
t
r
i
c
a
l
l
y
 
c
h
a
r
g
e
d
 
s
p
h
e
r
e
s
 
v
a
r
i
e
s
a
s
 
t
h
e
 
i
n
v
e
r
s
e

s
q
u
a
r
e
 
o
f
 
t
h
e
 
d
i
s
t
a
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e
e
.

3
.
 
A
 
c
l
i
x
a
.
e
a
.
.
n
t
e
n
n
a
 
i
s

a
 
s
t
r
a
i
g
h
t
 
r
a
d
i
a
t
o
r
,
 
u
s
u
a
l
l
y

f
e
d
 
f
r
o
m
 
t
h
e
 
c
e
n
t
e
r
,
 
a
n
d
p
r
o
d
u
c
i
n
g
 
a
 
m
a
x
i
m
a
 
o
f

r
a
d
i
a
t
i
o
n
 
i
n
 
t
h
e
 
p
l
a
n
e
 
n
o
r
m
a
l
 
t
o
 
i
t
s

a
x
i
s
.

T
h
e

l
e
n
g
t
h
 
s
p
e
c
i
f
i
e
d
 
i
s
 
t
h
e
 
o
v
e
r
-
a
l
l

l
e
n
g
t
h
.

I
t
 
i
s

a
l
s
o
 
c
a
l
l
e
d
 
a
 
M
e
r
t
z
 
d
i
p
o
l
e
 
i
n
h
o
n
o
r
 
o
f
 
i
t
s
 
i
n
.
.

v
e
n
t
o
r
.

4
.
 
D
i
r
e
c
t
 
c
u
r
r
e
n
t
g
e
n
e
r
a
t
o
r
s
 
a
r
e
 
c
a
p
a
b
l
e
 
o
f
 
c
o
n
v
e
r
t
i
n
g

s
o
m
e
 
o
t
h
e
r
 
f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
 
i
n
t
o
 
d
i
r
e
c
t

c
u
r
r
e
n
t

e
l
e
c
t
r
i
c
i
t
y
.

5
.
 
A
s
 
t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 
o
f
m
o
s
t
 
e
l
e
c
t
r
i
c
a
l
 
c
o
n
d
u
c
t
o
r
s
 
i
s

l
o
w
e
r
e
d
 
i
t
s
 
e
l
e
c
t
r
i
c
a
l
 
r
e
s
i
s
t
a
n
c
e

i
s
 
r
e
d
u
c
e
d
.

6
.
 
T
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

e
n
e
r
g
y
 
o
r
 
r
a
d
i
a
t
i
o
n
 
f
r
o
m
 
t
h
e

s
u
n
 
i
s
 
a
b
l
e
 
t
o
 
e
x
e
r
t
 
e
n
o
u
g
h
 
f
o
r
c
e

u
p
o
n
 
a
 
s
p
a
c
e

s
a
t
e
l
l
i
t
e
 
t
o
 
s
l
i
g
h
t
l
y
 
a
l
t
e
r
 
i
t
s

c
o
u
r
s
e
.

1 1

1 2



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

T
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
s
p
e
c
t
r
u
m
 
i
s
 
a
 
c
o
n
t
i
n
u
o
u
s
 
r
a
n
g
e
 
o
f

f
r
e
q
u
e
n
c
i
e
s
 
o
f
 
r
a
d
i
a
t
i
o
n
s
 
f
r
o
m
 
g
a
m
m
a
 
r
a
y
s
 
t
o
 
r
a
d
i
o

w
a
v
e
s
.

T
h
e
 
p
h
y
s
i
c
a
l
 
n
a
t
u
r
e
 
o
f
 
r
a
d
i
a
t
i
o
n
 
i
s
 
t
h
e
 
s
a
m
e

t
h
r
o
u
g
h
o
u
t
 
t
h
e
 
e
n
t
i
r
e
 
r
a
n
g
e
;
 
i
n
 
a
l
l
 
s
e
c
t
i
o
n
s
 
i
t
 
h
a
s

t
h
e
 
s
a
m
e
 
v
e
l
o
c
i
t
y
 
a
n
d
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
n
a
t
u
r
e
.

T
h
e

o
n
l
y
 
d
i
f
f
e
r
e
n
c
e
s
 
f
r
o
m
 
o
n
e
 
p
a
r
t
 
o
f
 
t
h
e
 
s
p
e
c
t
r
u
m
 
t
o

A
n
o
t
h
e
r
 
a
r
e
 
i
n
 
f
r
e
q
u
e
n
c
y
 
a
n
d
 
w
a
v
e
 
l
e
n
g
t
h
.

8
.
 
T
h
e
 
e
l
e
c
t
r
o
n
 
m
i
c
r
o
s
c
o
p
e
 
u
s
e
s
 
a
 
b
e
a
m
 
o
f
 
e
l
e
c
t
r
o
n
s
 
i
n

p
l
a
c
e
 
o
f
 
l
i
g
h
t
 
t
o
 
m
a
g
n
i
f
y
 
s
m
a
l
l
 
o
b
j
e
c
t
s
.

I
t
 
f
o
r
m
s

t
h
e
 
i
m
a
g
e
 
o
f
 
t
h
e
 
o
b
j
e
c
t
 
o
n
 
a
 
s
c
r
e
e
n
 
l
i
k
e
 
a
 
t
e
l
e
v
i
s
i
o
n

s
c
r
e
e
n
 
o
r
 
o
n
 
p
h
o
t
o
g
r
a
p
h
i
c
 
f
i
l
m
.

1
0
g
.

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n

N
u
c
l
e
a
r

p
a
c
e
 
C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

9
.
 
F
a
r
a
d
a
y
 
d
i
s
c
o
v
e
r
e
d
 
t
h
a
t
 
a
s
 
a
 
c
o
n
d
u
c
t
o
r
 
c
u
t
s
 
m
a
g
n
e
t
i
c

l
i
n
e
s
 
o
f
 
f
o
r
c
e
 
a
n
 
e
l
e
c
t
r
i
c
 
c
h
a
r
g
e
 
a
c
c
u
m
u
l
a
t
e
s
 
o
r
m
o
v
e
s

i
n
 
t
h
e
 
c
o
n
d
u
c
t
o
r
.

I
f
 
a
 
w
i
r
e
 
l
o
o
p
 
i
s
 
u
s
e
d
 
a
n
 
e
l
e
c
t
r
i
c

c
u
r
r
e
n
t
 
f
o
r
m
s
 
i
n
 
t
h
e
 
l
o
o
p
.

T
h
i
s
 
p
r
i
n
c
i
p
l
e
 
i
s
 
k
n
o
w
n

a
s
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
i
n
d
u
c
t
i
o
n
.

1
0
.
 
f
l
e
s
u
m
a
i
s
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
c
o
m
p
l
e
t
e
 
o
s
c
i
l
l
a
t
i
o
n
s

p
e
r

s
e
c
o
n
d
 
o
f
 
t
h
e
 
e
l
e
c
t
r
i
c
 
o
r
 
m
a
g
n
e
t
i
c
 
c
o
m
p
o
n
e
n
t
 
o
f

a
n

e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
w
a
v
e
.

1
1
.
 
H
e
l
i
c
a
l
 
b
e
a
m
 
a
n
t
e
n
n
a
 
i
s
a
 
n
o
n
-
d
i
r
e
c
t
i
o
n
a
l
 
a
n
t
e
n
n
a
.

1
2
.
 
I
m
a
g
e
 
i
n
t
e
n
s
i
f
i
c
a
t
i
o
n
 
i
n
 
a
n
 
e
l
e
c
t
r
o
n
 
m
i
c
r
o
s
c
o
p
e
 
i
s

a
c
c
o
m
p
l
i
s
h
e
d
 
b
y
 
a
n
 
e
l
e
c
t
r
o
n
 
t
u
b
e
 
c
i
r
c
u
i
t
 
i
n
 
w
h
i
c
h

a
m
p
l
i
f
i
c
a
t
i
o
n
 
i
s
 
s
e
c
u
r
e
d
 
b
y
 
s
e
c
o
n
d
a
r
y
 
e
m
i
s
s
i
o
n
 
o
f

e
l
e
c
t
r
o
n
s
.

P
r
i
m
a
r
y
 
e
l
e
c
t
r
o
n
s
 
(
t
h
e
 
i
m
a
g
e
)
 
a
r
e

a
c
c
e
l
e
r
a
t
e
d
 
b
y
 
a
p
p
l
i
c
a
t
i
o
n
 
o
f
 
a
 
h
i
g
h
 
p
o
t
e
n
t
i
a
l
 
a
n
d

m
a
d
e
 
t
o
 
s
t
r
i
k
e
 
a
 
g
o
o
d
 
s
e
c
o
n
d
a
r
y
 
e
m
i
t
t
e
r
 
w
h
e
r
e
m
o
r
e

e
l
e
c
t
r
o
n
s
 
a
r
e
 
p
r
o
d
u
c
e
d
 
b
y
 
t
h
e
-
i
m
p
a
c
t
.

T
h
i
s
 
p
r
o
c
e
s
s

i
s
 
r
e
p
e
a
t
e
d
 
t
h
u
s
 
g
r
e
a
t
l
y
 
i
n
t
e
n
s
i
f
y
i
n
g
 
t
h
e
 
e
l
e
c
t
r
o
n

i
m
a
g
e
.

1 1 1 1



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

m
os

si
re

pe
.

im
en

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
i
e
d
g
s
.

1
1
0
.

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

S
 
a
c
e

b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
 
y

M
e
d
i
c
i
n
e

1
3
,
 
A
 
k
i
l
o
w
a
t
t
 
i
s
 
a
 
u
n
i
t
 
o
f

p
o
w
e
r
 
e
q
u
a
l
 
t
o
 
1
0
0
0
 
w
a
t
t
s
.

1

1
4
.
 
A
 
k
i
l
o
w
a
t
t
 
h
o
u
r
 
i
s
 
a
 
u
n
i
t
 
o
f
 
e
l
e
c
t
r
i
c
a
l

e
n
e
r
g
y
 
o
r

w
o
r
k
 
e
q
u
a
l
 
t
o
 
t
h
a
t
 
e
x
p
e
n
d
e
d
 
i
n
 
o
n
e
 
h
o
u
r
 
a
t

a
 
s
t
e
a
d
y

r
a
t
e
 
o
f
 
o
n
e
 
k
i
l
o
w
a
t
t
.

1
5
.
 
L
i
n
e
-
t
o
-
l
i
n
e
 
s
c
a
n
 
b
a
s
i
s
 
i
n
 
t
e
l
e
v
i
s
i
o
n

i
n
v
o
l
v
e
s
 
t
h
e

t
r
a
n
s
m
i
s
s
i
o
n
 
o
f
 
a
 
p
i
c
t
u
r
e
 
b
y
 
s
e
p
a
r
a
t
e
 
h
o
r
i
z
o
n
t
a
l

l
i
n
e
s
 
u
s
u
a
l
l
y
 
c
o
n
s
i
s
t
i
n
g
 
o
f
 
5
2
5

s
e
p
a
r
a
t
e
 
l
i
n
e
s
 
r
e
-
.

p
e
a
t
e
d
 
3
0
 
t
i
m
e
s
 
e
a
c
h
 
s
e
c
o
n
d
.

T
h
e
 
t
e
l
e
v
i
s
i
o
n
 
r
e

c
e
i
v
e
r
 
s
w
e
e
p
s
 
t
h
e
s
e
 
l
i
n
e
s
a
c
r
o
s
s
 
t
h
e
 
p
i
c
t
u
r
e
 
t
u
b
e

r
e
c
o
n
s
t
r
u
c
t
i
n
g
 
t
h
e
 
c
o
m
p
l
e
t
e
 
p
i
c
t
u
r
e
.

1

1
6
.
 
T
h
e
 
s
t
r
e
n
g
t
h
 
o
f

a
 
m
a
g
n
e
t
i
c
 
f
i
e
l
d
 
p
r
o
d
u
c
e
d
 
b
y
 
a
n

e
l
e
c
t
r
o
m
a
g
n
e
t
 
i
n
c
r
e
a
s
e
s
 
a
s
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
e
l
e
c
t
r
i
c

c
u
r
r
e
n
t
 
t
h
r
o
u
g
h
 
t
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
i
n
c
r
e
a
s
e
s
.

1

1
7
.
 
M
a
g
n
e
t
i
c
 
f
i
e
l
d
s
,
 
a
r
e
 
s
a
i
d
 
t
o
 
e
x
i
s
t
 
i
n

t
h
a
t
 
s
p
a
c
e

s
u
r
r
o
u
n
d
i
n
g
 
a
 
m
a
g
n
e
t
i
c
 
b
o
d
y
 
i
n
 
w
h
i
c
h
 
t
h
e
 
m
a
g
n
e
t
i
c

f
o
r
c
e
s
 
d
u
e
 
t
o
 
t
h
a
t
 
b
o
d
y

a
r
e
 
s
e
n
s
i
b
l
e
.

1
1

1
8
.
 
O
n
e
 
o
f
 
t
h
e
 
t
h
e
o
r
i
e
s
 
p
e
r
t
a
i
n
i
n
g

t
o
 
t
h
e
 
c
a
u
s
e
 
o
f
 
t
h
e

tit
m
a
,
,
n
e
t
i
c
 
f
i
e
l
d
 
o
f
 
p
l
a
n
e
t
s
 
i
n
v
o
l
v
e
s
 
t
h
e
m
o
v
e
m
e
n
t
 
o
f

1
4
1
.
_
.
i
d
 
m
a
g
n
e
t
i
c
 
m
a
t
e
r
i
a
l
s
 
i
n
 
t
h
e
 
h
o
t
c
o
r
e
 
o
f
 
t
h
e

p
l
a
n
e
t
s
.

1

1
9
.
 
W
h
e
n
 
a
 
m
a
g
n
e
t
i
c
 
o
b
j
e
c
t
 
i
s
 
b
r
o
u
g
h
t
n
e
a
r
 
a
n
 
i
r
o
n

o
b
j
e
c
t
 
t
h
e
 
l
i
n
e
s
 
o
f
 
f
o
r
c
e
 
s
u
r
r
o
u
n
d
i
n
g
 
t
h
e
 
m
a
g
n
e
t

c
a
u
s
e
 
t
h
e
 
i
r
o
n
 
o
b
j
e
c
t
 
t
o
 
b
e
c
o
m
e
 
t
e
m
p
o
r
a
r
i
l
y
 
m
a
g
-

n
e
t
i
z
e
d
.

T
h
e
 
i
r
o
n
 
o
b
j
e
c
t
 
i
s
 
s
a
i
d
 
t
o
 
b
e
 
m
a
g
n
e
t
i
z
e
d

b
y
 
i
n
d
u
c
t
i
o
n
.

Ju
ko

w
ob

lio
no

m
m

il



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

W
IM

M
IM

M
IN

IM
IM

IC
G

I

S

2
0
.
 
M
a
s
e
r
 
s
t
a
n
d
s
 
f
o
r
 
"
m
i
c
r
o
w
a
v
e
 
a
m
p
l
i
f
i
c
a
t
i
o
n
 
b
y
 
s
t
i
m
u
-

l
a
t
e
d
 
e
m
i
s
s
i
o
n
 
o
f
 
r
a
d
i
a
t
i
o
n
.
"
 
A
 
m
o
l
e
c
u
l
e
 
c
a
n
 
e
x
-

c
h
a
n
g
e

e
n
e
r
g
y
 
w
i
t
h
 
t
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
r
a
d
i
a
t
i
o
n

f
i
e
l
d
 
o
n
l
y
 
i
n
 
d
i
s
c
r
e
t
e
 
a
m
o
u
n
t
s
 
s
i
n
c
e
 
m
o
l
e
c
u
l
a
r

e
n
e
r
g
y
 
i
s
 
q
u
a
n
t
i
z
e
d
.

I
f
 
m
o
l
e
c
u
l
e
s
 
c
a
n
 
b
e
 
r
a
i
s
e
d

t
o
 
a
 
h
i
g
h
e
r
 
e
n
e
r
g
y
 
l
e
v
e
l
 
a
n
d
 
t
h
e
n
 
m
a
d
e
 
t
o
 
d
i
s
-

c
h
a
r
g
e
 
s
i
m
u
l
t
a
n
e
o
u
s
l
y
 
t
o
 
a
 
l
o
w
e
r
 
l
e
v
e
l
 
a
n
 
a
m
p
l
i
-

f
i
c
a
t
i
o
n
 
o
f
 
r
a
d
i
a
t
i
o
n
 
t
a
k
e
s
 
p
l
a
c
e
.

2
1
.
 
A
 
p
e
j
w
i
a
t
t
 
i
s
 
a
 
u
n
i
t
 
o
f
 
e
l
e
c
t
r
i
c
a
l

p
o
w
e
r
 
a
n
d
 
e
q
u
a
l
s

o
n
e
 
m
i
l
l
i
o
n
 
w
a
t
t
s
.

2
2
.
 
N
i
c
k
l
e
 
c
a
d
m
i
u
m
 
b
a
t
t
e
r
i
e
s
 
c
a
n
 
b
e
 
r
e
c
h
a
r
g
e
d
m
a
n
y
 
t
i
m
e
s
.

2
3
.
 
o
e
r
s
t
e
d
 
d
i
s
c
o
v
e
r
e
d
 
t
h
a
t
 
a
 
w
i
r
e
 
c
a
r
r
y
i
n
g
 
a
n
 
e
l
e
c
t
r
i
c
a
l

c
u
r
r
e
n
t
 
i
s
 
s
u
r
r
o
u
n
d
e
d
 
b
y
 
a
 
m
a
g
n
e
t
i
c
 
f
i
e
l
d
.

2
4
.
 
O
h
m
'
s
 
L
a
w
 
i
s
 
s
t
a
t
e
d
 
a
s
 
-
 
-
t
h
e
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
i
n
a

c
o
n
d
u
c
t
o
r
 
i
s
 
d
i
r
e
c
t
l
y
 
p
r
o
p
o
r
t
i
o
n
a
l
 
t
o
 
t
h
e
 
p
o
t
e
n
t
i
a
l

d
i
f
f
e
r
e
n
c
e
 
(
v
o
l
t
a
g
e
)
 
b
e
t
w
e
e
n
a
n
y
 
t
w
o
 
p
o
i
n
t
s
 
i
n
 
t
h
e

c
o
n
d
u
c
t
o
r
 
a
n
d
 
i
n
v
e
r
s
e
l
y
 
p
r
o
p
o
r
t
i
o
n
a
l
 
t
o
 
t
h
e
 
r
e
s
i
s
-

t
a
n
c
e
 
o
f
 
t
h
e
 
c
o
n
d
u
c
t
o
r
.

2
5
.
 
A
n
 
o
s
c
i
l
l
a
t
o
r
 
i
s
 
a
 
d
e
v
i
c
e
 
f
o
r
 
p
r
o
d
u
c
i
n
g
a
n
 
a
l
t
e
r
-

n
a
t
i
n
g
 
c
u
r
r
e
n
t
 
t
h
e
 
f
r
e
q
u
e
n
c
y
 
o
f
 
w
h
i
c
h
 
c
a
n
 
b
e
 
v
a
r
i
e
d

b
y
 
v
a
r
y
i
n
g
 
t
h
e
 
c
u
r
r
e
n
t
 
t
o
 
t
h
e
 
g
r
i
d
 
o
f
 
a
 
v
a
c
u
u
m
 
t
u
b
e
.

T
h
e
 
o
s
c
i
l
l
a
t
o
r
 
i
s
 
t
h
e
 
h
e
a
r
t
 
o
f
 
a
 
r
a
d
i
o
 
t
r
a
n
s
m
i
t
t
e
r

s
i
n
c
e
 
i
t
 
g
e
n
e
r
a
t
e
s
 
t
h
e
 
h
i
g
h
 
f
r
e
q
u
e
n
c
y
 
c
a
r
r
i
e
r
 
s
i
g
u
a
l

e
s
s
e
n
t
i
a
l
 
f
o
r
 
t
h
i
s
 
t
y
p
e
 
o
f
 
c
o
m
m
u
n
i
c
a
t
i
o
n
.

2
6
.
 
O
v
e
r
-
t
h
e
-
h
o
r
i
z
o
n
 
r
a
d
a
r
 
i
n
v
o
l
v
e
s
 
s
e
n
d
i
n
g
 
o
u
t
 
r
a
d
i
o
w
a
v
e
s

a
n
d
 
b
o
u
n
c
i
n
g
 
t
h
e
m
 
o
f
f
 
t
h
e
 
i
o
n
o
s
p
h
e
r
e
 
t
o
 
s
o
m
e
 
d
i
s
t
a
n
t

o
b
j
e
c
t
 
b
e
y
o
n
d
 
t
h
e
 
h
o
r
i
z
o
n
 
w
h
i
c
h
 
i
n
 
t
u
r
n
 
r
e
f
l
e
c
t
s
 
t
h
e

s
a
d
i
o
w
a
v
e
s
 
b
a
c
k
 
t
o
 
t
h
e
 
i
o
n
o
s
p
h
e
r
e
 
w
h
i
c
h
 
r
e
f
l
e
c
t
s
 
t
h
e
m

b
a
d
k
 
t
o
 
a
 
r
e
c
e
i
v
e
r
 
o
r
 
d
a
t
e
c
t
o
r
.

T
h
i
s
 
d
e
v
i
c
e
 
a
l
l
o
y
s
 
g
o
t

o
n
l
y
 
s
n
e
 
d
e
t
e
c
t
r
o
n
 
o
r
 
t
n
e
 
m
e
e
t
 
o
u
t
 
a
L
s
o
 
a
 
c
a
r
c
u
r
a
t
i
o
n

o
f
 
I
t
s
 
d
i
s
t
a
n
c
e
.

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
s
.

N
u
c
l
e
a
r

a
c
e

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
r

3

1 1 1 1



P
r
e
r
e
e
u
i
s
i
t
e
j
t
a
l
l
s
t
e

V
.A

M
IN

II

T
A
B
L
E
 
s
i
x

(
C
o
n
t
i
n
u
e
d
)

2
7
.
 
P
o
l
a
r
i
z
a
t
i
o
n
 
i
n
v
o
l
v
e
s
 
t
h
e
 
b
l
o
c
k
i
n
g

o
f
 
e
l
e
r
i
t
r
m
a
g
n
e
t
i
c

r
a
d
i
a
t
i
o
n
s
 
m
o
v
i
n
g
 
i
n
 
a
l
l
 
d
i
r
e
c
t
i
o
n
s
 
b
u
t

o
n
e
 
p
e
r
p
e
n
d
i
-

c
u
l
a
r
 
t
o
 
t
h
e
 
l
i
n
e
 
o
f
 
p
r
o
p
a
g
a
t
i
o
n
 
t
o
 
a
l
l
o
w
w
a
v
e
s
 
v
i
-

b
r
a
t
i
n
g
 
i
n
 
o
n
e
 
d
i
r
e
c
t
i
o
n
 
o
n
l
y
 
t
o
 
b
e
 
t
r
a
r
q
m
i
t
t
e
d

T
h
r
o
u
g
h
 
t
h
e
 
p
o
l
a
r
o
i
d
 
f
i
l
t
e
r
.

2
3
.
 
P
o
l
a
r
i
z
e
d
 
r
a
d
i
o
 
s
i
g
n
a
l
s
 
v
i
b
r
a
t
e
 
i
n
o
n
l
y
 
o
n
e
 
p
l
a
n
e
.

2
9
.
 
R
a
d
a
r
 
i
s
 
a
 
d
e
t
e
c
t
i
n
g
 
a
n
d
 
r
a
n
g
i
n
g
 
d
e
v
i
c
e
t
h
a
t
 
e
m
i
t
s

r
a
d
i
o
 
w
a
v
e
s
 
a
n
d
 
r
e
c
e
i
v
e
s
 
t
h
e
m
 
a
f
t
e
r

t
h
e
y
 
h
a
v
e
 
b
e
e
n

r
e
f
l
e
c
t
e
d
 
b
y
 
s
o
m
e
 
o
b
j
e
c
t
,
 
t
h
u
s
 
a
l
l
o
w
i
n
g

t
h
e
 
d
i
s
t
a
n
c
e

a
n
d
 
p
o
s
i
t
i
o
n
 
o
f
 
t
h
e
 
r
e
f
l
e
c
t
i
n
g
 
o
b
j
e
c
t

t
o
 
b
e
 
c
a
l
c
u
a

l
a
t
e
d
.

3
0
.
 
A
 
r
c
d
i
o
m
e
t
e
r
 
i
s

a
n
 
i
n
s
t
r
u
m
e
n
t
 
f
o
r
 
d
e
t
e
c
t
i
n
g
 
a
n
d

m
e
a
s
u
r
i
n
g
 
t
h
e
 
i
n
t
e
n
s
i
t
y
 
o
f
s
o
m
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

r
a
d
i
a
t
i
o
n
s
.

3
/
.
 
A
n
 
R
.
 
P
.
 
S
i
g
n
a
l
 
i
s

a
n
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
r
a
d
i
a
t
i
o
n
 
i
n

t
h
e
 
r
a
d
i
o
 
f
r
e
q
u
e
n
c
y

r
a
n
g
e
.

3
2
.
 
U
l
t
r
a
v
i
o
l
e
t
 
p
e
r
t
a
i
n
s
 
t
o
 
t
h
a
t

p
a
r
t
 
o
f
 
t
h
e
 
e
l
e
c
t
r
o
n
.

m
a
g
n
e
t
i
c
 
s
p
e
c
t
r
u
m
 
r
u
s
t
 
b
e
y
o
n
d
 
t
h
e
 
v
i
o
l
e
t

e
n
d
 
o
f

t
h
e
 
v
i
s
i
b
l
e
 
s
p
e
c
t
r
u
m
.

3
3
.
 
V
H
F
 
i
s
 
a
n
 
a
b
b
r
e
v
i
a
t
i
o
n

o
r
 
v
e
r
y
 
h
i
g
h
 
f
r
e
q
u
e
n
c
y

r
a
d
i
o
 
w
a
v
e
s
.

3
4
.
 
T
h
e
 
w
a
v
e
l
e
n
g
t
h
,
 
o
f
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
r
a
d
i
a
t
i
o
n
 
i
s
 
t
h
e

d
i
s
t
a
n
c
e
 
m
e
a
s
u
r
e
d
 
i
n
 
t
h
e
 
d
i
r
e
c
t
i
o
n
 
o
f

p
r
o
g
r
e
s
s
i
o
n

o
f
 
t
h
e
 
-
w
a
v
e
,
 
f
r
o
m
 
a
 
g
i
v
e
n
 
p
o
i
n
t
o
n
 
a
 
w
a
v
e
 
t
o
 
t
h
e

n
e
x
t
 
p
o
i
n
t
 
i
n
 
t
h
e
 
s
a
m
e
 
p
h
a
s
e
 
o
f
 
t
h
e
w
a
v
e
.

3
5
.

a
r
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
r
a
d
i
a
t
i
o
n
s
 
o
f
 
e
x
t
r
e
m
e
l
y

s
h
o
r
t
 
w
a
v
e
 
l
e
n
g
t
h
 
a
n
d
p
o
s
s
e
s
s
 
e
n
o
u
g
h
 
e
n
e
r
g
y
 
t
o

p
e
n
e
t
r
a
t
e
 
c
e
r
t
a
i
n
 
s
u
b
s
t
a
n
c
e
s
 
t
o
 
v
a
r
y
i
n
g
 
d
e
p
t
h
s
.

j
a
i
s
s
I
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

S
p
a
c
e

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

M
e
d
i
c
i
n
e

1 2



T
A
B
L
E
 
X
I
I

C
o
n
t
i
n
u
e
d

P
r
e
r
e
q
u
i
s
i
t
e

e

3
6
.
 
X
-
r
l
y
 
o
p
R
q
u
e
 
d
y
e
s

a
r
e
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
s
 
t
h
a
t
 
d
o
n
o

a
l
l
o
w
 
x
 
-
r
a
y
s
 
t
o
 
p
a
s
s
.

S
u
b
 
T
o
t
a
l

1
3
0

H
e
a
t

1
.
 
A
.
 
c
a
l
o
r
i
e
 
i
s
a
 
u
n
i
t
 
f
o
r
 
m
e
a
s
u
r
i
n
g
 
q
u
a
n
t
i
t
y
 
o
f
 
h
e
a
t
.

I
t
 
i
s
 
s
 
d
 
t
o
 
d
e
s
c
r
i
b
e
 
t
h
e
 
h
e
a
t
o
r
 
e
n
e
r
g
y
 
p
r
o
d
u
c
i
n
g

v
a
l
u
e
 
o
f
 
f
o
o
d
.

H
e
a
t
i
h
i
e
l
d
s
 
a
r
e
 
u
s
e
d
 
t
o
 
p
r
o
t
e
c
t

a
 
s
a
t
e
l
l
i
t
e
 
f
r
o
m

t
h
e
 
i
n
t
e
n
s
e
 
h
e
a
t
 
c
a
u
s
e
d
 
b
y
 
a
i
r
 
f
r
i
c
t
i
o
n

a
s
 
i
t
 
r
e
-

e
n
t
e
r
s
 
t
h
e
 
d
e
n
s
e
 
a
t
m
o
s
p
h
e
r
e
 
o
f
 
t
h
e
 
e
a
r
t
h
.

3
.
 
T
h
e
 
h
e
a
t
 
t
r
a
n
s
f
e
r

r
a
t
e
 
:
I
n
v
o
l
v
e
s
 
a
 
s
t
u
d
y
 
o
f
 
t
h
e
 
h
e
a
t

d
i
s
s
i
p
a
t
i
o
n
 
f
r
o
m
 
t
h
e
 
s
u
r
f
a
c
e
s
 
o
f
a
i
r
c
r
a
f
t
 
i
n
 
f
l
i
g
h
t
.

4
 
I
n
f
r
a
 
-
r
e
d
 
i
s
 
t
h
e
 
r
e
g
i
o
n
i
n
 
t
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

r
a
d
i
a
t
i
o
n
 
s
p
e
c
t
r
u
m
:
m
a
d
e
u
p
 
o
f
 
w
a
v
e
 
l
e
n
g
t
h
s
 
l
o
n
g
e
r

t
h
a
n
 
t
h
o
s
e
 
o
f
 
v
i
s
i
b
l
e
 
l
i
g
h
t
.

5
.
 
A
n
 
i
n
f
r
a
r
e
d
 
r
a
d
i
o
m
e
t
e
r

i
s
 
a
n
 
i
n
s
t
r
u
m
e
n
t
 
d
e
s
i
g
n
e
d

t
o
 
d
e
t
e
c
t
 
t
h
o
s
e
 
i
n
v
i
s
i
b
l
e
r
a
y
s
 
j
u
s
t
 
b
e
y
o
n
d
 
t
h
e
 
r
e
d

o
f
 
t
h
e
 
v
i
s
i
b
l
e
 
l
i
g
h
t
p
a
r
t
 
o
f
 
t
h
e
 
s
p
e
c
t
r
u
m
.

6
.
 
A
 
m
i
c
r
o
w
a
v
e
 
r
a
d
i
o
m
e
t
e
r

i
s
 
a
 
d
e
v
i
c
e
 
u
s
e
d
 
t
o
 
d
e
t
e
c
t

n
u
c
l
e
a
r
 
b
l
a
s
t
s
 
b
y
 
m
e
a
s
u
r
i
n
g

t
h
e
 
h
e
a
t
 
l
i
b
e
r
a
t
e
d
 
b
y

t
h
e
 
b
l
a
s
t
 
e
i
t
h
e
r
 
a
b
o
v
e

o
r
 
b
e
l
o
w
 
t
h
e
 
g
r
o
u
n
d
.

7
.
 
L
i
q
u
i
d
 
n
i
t
r
o
g
e
n
 
i
s
 
u
s
e
d

i
n
 
l
a
w
 
t
e
m
p
e
r
a
t
u
r
e
r
e
-

s
e
a
r
c
h
 
s
i
n
c
e
 
i
t
s

t
e
m
p
e
r
a
t
u
r
e
 
i
s
 
n
e
a
p
-
4
5
9
.
7
0
 
F
.

1

1
1
3
.

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

S
 
a
c
e

b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

N
i
e
d
i
c
i
n
e

1
2 2 1 2

4=
11

10
11

1M
I

2
6 I

3
2

1

S
.
 
T
h
e
 
R
a
n
k
i
n
e
 
-
C
y
c
l
e
p
o
w
e
r
 
s
o
u
r
c
e
 
i
s
 
a
 
n
o
n
r
e
v
e
r
s
i
b
l
e

h
e
a
t
 
e
n
g
i
n
e
 
c
y
c
l
e
 
d
i
f
f
e
r
4
n
g

f
r
o
m
 
t
h
e
 
C
a
r
n
o
t
 
c
y
c
l
e

i
n
 
t
h
a
t
 
i
t
 
h
a
s

n
o
 
c
o
m
p
r
e
a
s
i
o
n
.

3
.



T
A
B
L
E

xi
'

C
o
n
t
i
n
u
e
d

1
1
4
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

9
.
 
T
h
e
 
S
t
i
r
l
i
n
g
:
E
y
s
l
e

e
n
g
i
n
e
 
i
s
 
a
n
 
a
i
r
 
e
n
g
i
n
e
 
u
s
i
n
g
 
a

r
e
g
e
n
e
r
a
t
o
r
;
 
i
t
s
 
i
n
d
i
c
a
t
o
r
 
d
i
a
g
r
a
m
 
h
a
s
 
t
w
o
 
i
s
o
t
h
e
r
.

m
a
l
e
 
a
n
d
 
t
w
o
 
l
i
n
e
s
 
o
f
 
c
o
n
s
t
a
n
t

v
o
l
u
m
e
.

1
0
.
 
S
u
p
e
r
c
o
o
l
e
d
 
w
a
t
e
r
v
a
p
o
r
 
i
s
 
w
a
t
e
r
 
v
a
p
o
r
 
a
t
 
a
:
t
e
m
p
e
r
.

a
t
u
r
e
 
b
e
l
o
w
 
i
t
s
 
c
o
n
d
e
n
s
a
t
i
o
n
p
o
i
n
t
 
o
r
 
e
v
e
n
 
i
t
s

f
r
e
e
z
i
n
g
 
p
o
i
n
t
.

I
t
 
d
o
e
s
 
n
o
t
 
l
i
q
u
i
f
y
 
o
r

s
o
l
i
d
i
f
y

d
u
e
 
t
o
 
t
h
e
 
a
b
s
e
n
c
e
 
o
f
s
t
a
r
t
i
n
g
 
m
a
t
e
r
i
a
l
s
 
t
o
 
f
o
r
m

t
h
e
 
n
u
c
l
e
u
s
 
o
f
 
t
h
e

r
a
i
n
d
r
o
p
,
 
s
n
o
w
f
l
a
k
e
,
 
o
r
 
h
a
i
l
s
t
o
n
e
.

I
I
.
 
T
h
e
r
m
a
l
 
e
f
f
i
c
i
e
n
c
y
 
i
s
 
t
h
e
 
r
a
t
i
o
 
o
f

t
h
e
 
h
e
a
t
 
u
t
i
l
i
z
e
d

b
y
 
a
 
h
e
a
t
 
e
n
g
i
n
e
 
t
o
 
t
h
e
 
t
o
t
a
l
 
h
e
a
t
 
a
v
a
i
l
a
b
l
e
 
i
n

t
h
e

f
u
e
l
 
b
e
i
n
g
 
c
o
n
s
u
m
e
d
.

N
a
j
o
r
 
T
h
e
r
m

A
u
t
o
m
a
t
i
o
n
.

N
u
c
l
e
a
r

S
 
a
c
e

b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r

M
e
d
i
c
i
n
e

I 1 1
.0

.1
1.

11
11

10
.1

11
1.

00
11

S
u
b
 
T
o
t
a
l

5
6

1
2

C
.

M
e
c
h
a
n
i
c
s

1
.
 
R
o
c
k
e
t
s
 
a
n
d
 
s
a
t
e
l
l
i
t
e
s
 
i
n

s
p
a
c
e
 
a
r
e
 
p
r
o
p
e
l
l
e
d
 
o
r

m
a
n
e
u
v
e
r
e
d
 
b
y
 
u
s
i
n
g
 
t
h
e
p
r
i
n
c
i
p
l
e
 
o
f
 
a
c
t
i
o
n
r
e
.

a
c
t
i
o
n
.

A
s
 
t
h
e
 
h
o
t
g
a
s
e
s
 
p
r
o
d
u
c
e
d
 
b
y
 
t
h
e
 
r
a
p
i
d

c
o
m
b
u
s
i
o
n
 
o
f
 
e
i
t
h
e
r
 
s
o
l
i
d
o
r
 
l
i
q
u
i
d
 
f
u
e
l
s

e
s
c
a
p
e
 
f
r
o
m
 
t
h
e
 
r
o
c
k
e
t
 
e
n
g
i
n
e
s
 
a
 
f
o
r
c
e
 
o
f
 
e
q
u
a
l

m
a
g
n
i
t
u
d
e
 
t
o
 
t
h
a
t
 
o
f
 
t
h
e
 
e
s
c
a
p
i
n
g
g
a
s
e
s
 
b
u
t

a
c
t
i
n
g
 
i
n
 
a
n
 
o
p
p
o
s
i
t
e
 
d
i
r
e
c
t
i
o
n
 
p
r
o
p
e
l
s
 
t
h
e

r
o
c
k
e
t
 
f
o
r
w
a
r
d
.

I
n
 
a
p
a
c
e
,
 
p
e
r
i
o
d
i
c

s
p
u
r
t
s
 
o
f

n
i
t
r
o
g
e
n
 
g
a
s
 
f
r
o
m
.
 
t
i
n
y
 
j
e
t
s
 
a
r
e
 
u
s
e
d
 
t
o
m
a
n
e
u
v
e
r

s
a
t
e
l
l
i
t
e
s
 
i
n
 
t
h
e
i
r
 
o
r
b
i
t
s
.

2
.
 
A
i
r
f
l
o
w
 
m
e
a
s
u
r
e
m
e
n
t
s
 
i
n
v
o
l
v
e
a
 
s
t
u
d
y
 
o
f
 
t
h
e
 
m
o
v
e

w
e
n
t
 
o
f
 
a
i
r
 
p
a
s
t
 
t
h
e
 
s
u
r
f
a
c
e
s
 
o
f

a
n
 
a
i
r
c
r
a
f
t
 
i
n

f
l
i
g
h
t
.

3
.
 
A
n
 
a
l
t
i
m
e
t
e
r
 
i
s
a
 
d
e
v
i
c
e
 
u
s
e
d
 
t
o
 
m
e
a
s
u
r
e
 
t
h
e
 
e
i
t
i

t
u
d
e
 
o
f
 
a
n
 
a
i
r
p
l
a
n
e
 
o
r
 
o
t
h
e
r
 
v
e
h
i
c
l
e
 
i
n
 
t
h
e

a
t
m
o
s
p
h
e
r
e
.

5 1 1



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)
"

-g
W

54
-1

_,
7

1
1
5
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

71
11

1-
01

.1
1.

11

4
.
 
A
p
o
g
e
e
 
i
s
 
t
h
e
 
h
i
g
h
e
s
t
p
o
i
n
t
 
r
e
a
c
h
e
d
 
b
y

a
n
 
o
b
j
e
c
t
 
i
n

a
 
p
a
t
h
.

5
.
 
A
j
a
s
a
p
h
e
r
i
c
 
d
r
e
a
m
a
 
s
a
t
e
l
l
i
t
e
 
i
s
 
c
a
u
s
e
d
 
b
y
 
t
h
e

f
r
i
c
t
i
o
n
 
b
e
t
w
e
e
n
 
t
h
e
 
s
a
t
e
l
l
i
t
e
 
a
n
d
t
h
e
 
t
h
i
n
 
a
i
r

i
n
 
t
h
e
 
r
e
g
i
o
n
 
o
f
 
i
t
s
 
o
r
b
i
t
 
a
r
o
u
n
d

t
h
e
 
e
a
r
t
h
.

T
h
i
s
 
d
r
a
g
 
h
a
s
 
a
 
t
e
n
d
e
n
c
y

t
o
 
r
e
d
u
c
e
 
t
h
e
 
o
r
b
i
t
i
n
g

s
p
e
e
d
.

6
.
 
A
t
m
.
.
.
.
2
1
2
.
.
.
.
t
e
r
i
c
p
z
e
j
.
c
a
s
u
r
 
r
e
f
e
r
s
t
o
 
t
h
e
 
f
o
r
c
e
 
e
x
e
r
t
e
d

b
y
 
a
 
c
o
l
u
m
n
 
o
f
 
a
i
r
 
e
x
t
e
n
d
i
n
g
t
o
 
t
h
e
 
o
u
t
e
r
 
m
o
s
t

l
i
m
i
t
s
 
o
f
 
o
u
r
 
a
t
m
o
s
p
h
e
r
e
u
p
o
n
 
a
 
u
n
i
t
 
s
u
r
f
a
c
e
 
a
r
e
a
.

7
.
 
l
a
l
l
i
t
t
E
l
j
e
m
a
j
a
a
g
i
s
 
t
h
e
 
h
i
g
h
e
s
t
-
p
o
i
n
t
o
r
 
t
h
e

p
o
i
n
t
 
f
a
r
t
h
e
s
t
 
f
r
o
m
 
t
h
e
 
e
a
r
t
h
i
n
 
t
h
e
 
p
a
t
h
 
o
f
 
a

m
i
s
s
i
l
e
 
f
i
r
e
d
 
f
r
o
m
 
t
h
e
 
e
a
r
t
h
'
s

s
u
r
f
a
c
e
.

8
.
13

,0
11

10
i
s
 
a
 
r
e
s
u
l
t
 
o
f
 
t
h
e
 
r
e
t
a
r
d
e
d

r
a
t
e
 
o
f
 
f
l
o
w
 
o
f
 
a
 
f
l
u
i
d
 
(
a
s
 
a
i
r
)
 
c
l
o
s
e

t
c
 
t
h
e

s
u
r
f
a
c
e
 
o
f
 
a
 
b
o
d
y
 
h
a
s
a
n
 
a
i
r
p
l
a
n
e
)
.
 
T
h
e
 
r
e
t
a
r
d
a
.
,

t
i
o
n
 
i
s
 
g
r
e
a
t
e
s
t
 
c
l
o
s
e
 
t
o
 
t
h
e
s
u
r
f
a
c
e
 
o
f
 
t
h
e
 
b
o
d
y

a
n
d
 
i
s
 
d
u
e
 
t
o
 
t
h
e
 
v
i
s
c
o
s
i
t
y
o
f
 
t
h
e
 
f
l
u
i
d
 
2
n
d
 
i
t
s

a
d
h
e
s
i
o
n
 
t
o
 
t
h
e
 
s
u
r
f
a
c
e
.

9
.
 
B
u
o
y
a
n
c
y
 
i
s
 
t
h
e
 
u
p
w
a
r
d

f
o
r
c
e
 
e
x
e
r
t
e
d
 
u
p
o
n
 
a
 
b
o
d
y

i
m
m
e
r
s
e
d
 
i
m
 
a
 
f
l
u
i
d
.

2

M
a
j
o
r
 
T
h
e

A
u
t
o
m
a
t
i
o
n

N
u
c
l
e
a
r

S
p
a
c
e
 
C
y
b
e
r
n
e
t
i
c
s

S
e
r
i
t
a

M
e
d
i
c
i
n
e

1 1 1

3
.

1
0
.
 
C
e
n
t
r
i
f
u
g
e
s
a
r
e
 
d
e
v
i
c
e
s
 
u
s
e
d
 
t
o
 
i
n
c
r
e
a
s
e
 
t
h
e
 
f
o
r
c
e

a
c
t
i
n
g
 
u
p
o
n
 
a
 
b
o
d
y
 
t
o
m
a
n
y
 
t
i
m
e
s
 
t
h
e
 
n
o
r
m
a
l

g
r
a
v
i
t
a
t
i
o
n
a
l
 
f
o
r
c
e
 
t
h
r
o
u
g
h
 
t
h
e

u
s
e
 
o
f
 
h
i
g
h
 
s
p
e
e
d

c
i
r
c
u
l
a
r
 
m
o
t
i
o
n
.



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

1
1
6
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

1
1
.
 
T
h
e
 
d
e
n
s
i
t
y
 
o
f
 
a
 
s
u
b
s
t
a
n
c
e
 
i
s
 
t
h
e
w
e
i
g
h
t
 
o
f
 
a
 
s
p
e
c
i
f
i
c

v
o
l
u
m
e
 
o
f
 
t
h
e
 
s
u
b
s
t
a
n
c
e
.

D
e
n
s
i
t
y
 
i
s
 
u
s
u
a
l
l
y
 
e
x
p
r
e
s
s

i
n
 
g
r
a
m
s
 
p
e
r
 
c
u
b
i
c
 
c
e
n
t
i
m
e
t
e
r

o
r
 
p
o
u
n
d
s
 
p
e
r
 
c
u
b
i
c

f
o
o
t
 
a
n
d
 
i
s
 
f
o
u
n
d
 
b
y
 
d
i
v
i
d
i
n
g
 
t
h
e
 
w
e
i
g
h
t
 
o
f
a
n
 
o
b
j
e
c
t

b
y
 
i
t
s
 
v
o
l
u
m
e
.

1
2
,
 
D
i
f
f
u
s
i
o
n
 
i
s
 
a
 
p
r
o
c
e
s
s
 
i
n
 
w
h
i
c
h
 
m
o
l
e
c
u
l
e
s
o
f
 
g
a
s
e
s

a
n
d
 
l
i
q
u
i
d
s
 
s
p
r
e
a
d
 
o
u
t
o
r
 
m
o
v
e
 
r
a
n
d
o
m
l
y
 
i
n
 
a
n
y

d
i
r
e
c
t
i
o
n
.

1
3
.
 
I
n
 
t
h
e
 
t
h
e
o
r
y
 
o
f
 
r
e
l
a
t
i
v
i
t
y
,
 
E
i
n
s
t
e
i
n
s
t
a
t
e
d
 
t
h
a
t

l
i
g
h
t
 
r
a
y
s
 
s
h
o
u
l
d
 
b
e
 
b
e
n
t
 
i
n
 
t
h
e
 
v
i
c
i
n
i
t
y
o
f
 
a

g
r
a
v
i
t
a
t
i
o
n
a
l
 
f
i
e
l
d
.

E
x
p
e
r
i
m
e
n
t
a
l
 
e
v
i
d
e
n
c
e
 
g
a
i
n
e
d

a
s
 
a
 
r
e
s
u
l
t
 
o
f
 
s
t
u
d
y
i
n
g
 
s
o
l
a
r
 
e
c
l
i
p
s
e
s

s
e
e
m
s
 
t
o

s
u
p
p
o
r
t
 
t
h
i
s
 
t
h
e
o
r
y
.

E
i
n
s
t
e
i
n
 
a
l
s
o
 
t
h
e
o
r
i
z
e
d
 
t
h
a
t

a
s
 
a
 
l
i
g
h
t
 
s
o
u
r
c
e
 
o
f
 
s
t
a
b
l
e
 
f
r
e
q
u
e
n
c
y
 
m
o
v
e
s
 
r
a
p
i
d
l
y

t
o
w
a
r
d
 
o
r
 
a
w
a
y
 
f
r
o
m
 
a
 
d
i
s
t
a
n
t
 
o
b
s
e
r
v
e
r
 
t
h
e

f
r
e
q
u
e
n
c
y

o
f
 
t
h
e
 
l
i
g
h
t
 
c
h
a
n
g
e
s
 
d
u
e
 
t
o
 
t
h
e
 
D
o
p
p
l
e
r

e
f
f
e
c
t
.

1
4
.
F
r
i
k
.
c
i
o
n
 
i
s
 
t
h
e
 
r
e
s
i
s
t
a
n
c
e
 
o
f
f
e
r
e
d

t
o
 
t
h
e
 
r
e
l
a
t
i
v
e

m
o
t
i
o
n
 
o
f
 
o
n
e
 
b
o
d
y
 
t
h
a
t
 
i
s
 
s
l
i
d
i
n
g
,
r
o
l
l
i
n
g
 
o
r

f
l
o
w
i
n
g
 
o
v
e
r
 
a
n
o
t
h
e
r
.

1
5
.
 
W
h
e
n
 
o
b
j
e
c
t
s
 
f
r
o
m
 
o
u
t
e
r

s
p
a
c
e
 
e
n
t
e
r
 
t
h
e
 
e
a
r
t
h
'
s

a
t
m
o
s
p
h
e
r
e
 
a
t
 
a
 
h
i
g
h
 
r
a
t
e
 
o
f
 
s
p
e
e
d
 
t
h
e

f
r
i
c
t
i
o
n

b
e
t
w
e
e
n
 
t
h
e
 
a
i
r
 
a
n
d
 
t
h
e
 
o
b
j
e
c
t
c
a
u
s
e
s
 
e
n
o
u
g
h
 
h
e
a
t

t
o
 
d
e
s
t
r
o
y
 
t
h
e
 
o
b
j
e
c
t
.

1
6
.
 
T
h
e
 
h
e
a
t
 
d
e
v
e
l
o
p
e
d

a
s
 
t
w
o
 
a
t
o
n
e
s
 
a
r
e
 
s
t
r
u
c
k
 
t
o
-

g
e
t
h
e
r
 
o
r
 
t
w
o
 
s
t
i
c
k
s
 
a
r
e
 
r
u
b
b
e
d
 
t
o
g
e
t
h
e
r

i
s
 
d
u
e

t
o
 
f
r
i
c
t
i
o
n
.

l
i
.
 
T
h
e
 
f
u
l
c
r
u
m
 
o
f
 
a
 
b
a
l
a
n
c
e
 
i
s
 
i
t
s
 
p
i
v
o
t
p
o
i
n
t
.

M
a
j
o
r
 
T
h
e
m
e
,

A
u
t
o
m
a
t
i
o
n
-

N
u
c
l
e
a
r

S
 
a
c
e

b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

M
e
d
i
c
i
n
e

3 1 1



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

E
ur

eg
ui

si
te

K
no

w
le

dg
e ,M

11
11

11
31

1M
IR

IM
IN

N
IN

N
IN

I

1
8
.
 
G
a
s
e
o
u
s
 
d
i
f
f
u
s
i
o
n
 
t
h
r
o
u
g
h
a
 
f
i
n
e
 
m
e
m
b
r
a
n
e
 
i
n
v
o
l
v
e
s

t
h
e
 
p
a
s
s
a
g
e
 
o
f
 
s
m
a
l
l
 
g
a
s
 
m
o
l
e
c
u
l
e
s
 
t
h
r
o
u
g
h

t
h
e

s
i
n
u
t
e
 
h
o
l
e
s
 
o
f
 
t
h
e
 
m
e
m
b
r
a
n
e
;
 
l
a
r
g
e
r
 
m
o
l
e
c
u
l
e
s

d
o

M
o
t
 
p
a
s
s
 
t
h
r
o
u
g
h
 
b
e
c
a
u
s
e
 
t
h
e
 
"
h
o
l
e
s
"

i
n
 
t
h
e
 
m
e
m
b
r
a
n
e

a
r
e
 
t
o
o
 
s
m
a
l
l
.

1
9
.

G
r
a
v
i
t
a
t
i
o
n
a
l
 
f
i
g
 
e
l
d
s
 
e
x
i
s
t
 
a
b
o
u
t
 
a
l
l
 
m
a
t
e
r
i
a
l
o
b
j
e
c
t

T
h
e
 
i
n
t
e
n
s
i
t
y
 
o
f
 
t
h
e
 
g
r
a
v
i
t
a
t
i
o
n
a
l
 
a
t
t
r
a
c
t
i
o
n

b
e
t
w
e
e
n

o
b
j
e
c
t
s
 
w
i
t
h
i
n
 
t
h
i
s
 
f
i
e
l
d
 
d
e
c
r
e
a
s
e
s
 
w
i
t
h
 
d
i
s
t
a
n
c
e
b
e
-

t
w
e
e
n
 
t
h
e
 
o
b
j
e
c
t
s
 
a
n
d
 
i
n
c
r
e
a
s
e
s
 
w
i
t
h
 
t
h
e
m
a
s
s
 
o
f
 
t
h
e

o
b
j
e
c
t
s
.

2
0
.
 
A
s
 
a
 
s
a
t
e
l
l
i
t
e
,
 
t
r
a
v
e
l
i
n
g
 
a
t

a
 
h
i
g
h
 
r
a
t
e
 
o
f
 
s
p
e
e
d

e
n
t
e
r
s
 
t
h
e
 
e
a
r
t
h
'
s
 
d
e
n
s
e
 
a
t
m
o
s
p
h
e
r
e
,

t
h
e
 
f
r
i
c
t
i
o
n

b
e
t
w
e
e
n
 
t
h
e
 
s
a
t
e
l
l
i
t
e
 
a
n
d
 
t
h
e

a
i
r
 
c
a
u
s
e
s
 
a
 
"
h
e
a
t

1
1
2
1
1
2
1
2
e
 
o
n
 
t
h
e
 
s
a
t
e
l
l
i
t
e
'
s
 
s
u
r
f
a
c
e
.

2
1
.
 
H
o
t
 
a
i
r
 
i
s
 
l
e
s
s
 
d
e
n
s
e
 
t
h
a
n
 
c
o
l
d

a
i
r
 
a
n
d
 
i
s
 
t
h
e
r
e
f
o
r
e

f
o
r
c
e
d
 
u
p
 
b
y
 
t
h
e
 
c
o
l
d
e
r
 
d
e
n
s
e
r

a
i
r
 
w
h
e
n
 
b
o
t
h
 
e
x
i
s
t
.

2
2
©
 
A
n
 
i
n
t
e
r
c
o
n
t
i
n
e
n
t
a
l
 
b
a
l
l
i
s
t
i
c
m
i
s
s
i
l
e
 
i
s
 
a
 
r
o
c
k
e
t

p
r
o
p
e
l
l
e
d
 
m
i
s
s
l
e
 
d
e
s
i
g
n
e
d
 
t
o
 
d
e
l
i
v
e
r

a
n
 
e
x
p
l
o
s
i
v
e

w
a
r
h
e
a
d
 
t
o
 
a
 
d
i
s
t
a
n
t
 
t
a
r
g
e
t
.

T
h
e
s
e
 
m
i
s
s
i
l
e
s
 
a
r
e
 
n
o
t

d
e
s
i
g
n
e
d
 
t
o
 
p
l
a
c
e
a
n
 
o
b
j
e
c
t
 
i
n
 
o
r
b
i
t
 
b
u
t
 
m
e
r
e
l
y
 
t
o

f
o
l
l
o
w
 
a
 
c
a
l
c
u
l
a
t
e
d
 
t
r
a
j
e
c
t
o
r
y
.

2
3
.
 
I
n
t
e
r
n
a
t
i
o
n
a
l
 
d
a
t
e
 
l
i
n
e
 
i
s

a
 
h
y
p
o
t
h
e
t
i
c
a
l
 
l
i
n
e
 
o
n
 
t
h
e

e
a
r
t
h
'
s
 
s
u
r
f
a
c
e
 
c
o
i
n
c
i
d
i
n
g
 
w
i
t
h
t
h
e
 
1
8
0
t
h
.
 
m
e
r
i
d
i
a
n

a
n
d
 
d
e
s
i
g
n
a
t
e
d
 
a
r
b
i
t
r
a
r
i
l
y
a
s
 
t
h
e
 
p
l
a
c
e
 
w
h
e
r
e
 
e
a
c
h

c
a
l
e
n
d
a
r
 
d
a
y
 
b
e
g
i
n
s
.

2
4
.
 
L
e
_
 
v
e
r
s
 
a
r
e
 
s
i
m
p
l
e
 
m
a
c
h
i
n
e
s
u
s
e
d
 
t
o
 
t
r
a
n
s
m
i
t
 
a
n
d
/
o
r

m
o
d
i
f
y
 
f
o
r
c
e
s
 
o
r
 
m
o
t
i
o
n
.

M
o
i
r
 
T
h
e
m
e
s

A
u
t
o
m
a
t
i
o
n
.
.

N
u
c
l
e
a
r

S
p
a
c
e

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

1

1

3
. 1 1



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

2
3
.
 
L
i
f
t
 
i
s
 
t
h
e
 
u
p
w
a
r
d
 
f
o
r
c
e

f
o
r
m
e
d
 
a
s
 
a
 
r
e
s
u
l
t
 
o
f
 
t
h
e

p
a
s
s
a
g
e
 
o
f
 
a
i
r
 
o
v
e
r
 
t
h
e
 
s
u
r
f
a
c
e
s
 
o
f

a
n
 
a
i
r
p
l
a
n
e
.

1
1
8
.

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
.

h
c
c
l
e
a
r

S
 
a
c
e

b
e
r
n
e
t
i
c
e

S
c
i
e
t
c
e

E
n
e
r

M
e
d
i
c
i
n
e

1

2
6
.
 
M
a
s
s
 
i
s
 
a
 
m
e
a
s
u
r
e
 
o
f
 
t
h
e
q
u
a
n
t
i
t
y
 
o
f
 
m
a
t
t
e
r
.

1

2
7
.
 
A
 
p
a
r
a
b
o
l
i
c

S
s
 
t
h
e
 
n
a
m
e
 
g
i
v
e
n
 
t
o
a
 
c
u
r
v
e
 
f
o
r
m
e
d

b
y
 
t
h
e
 
i
n
t
e
r
s
e
c
t
i
o
n
 
o
f

a
 
c
o
n
e
 
w
i
t
h
 
a
 
p
l
a
n
e
 
p
a
r
a
l
l
e
l

t
o
 
t
h
e
 
a
x
i
s
 
o
f
 
t
h
e
 
c
o
n
e
,

2
8
.
 
R
e
c
t
i
l
i
n
e
a
r
 
p
r
o
p

r
e
f
e
r
s
 
t
o
 
t
h
e
 
m
o
t
i
o
n
 
o
f

a
p
a
r
t
i
c
l
e
 
i
n
 
a
 
s
t
r
a
i
g
h
t
 
l
i
n
e
.

1

2
9
.
 
P
i
t
c
h
 
i
s
 
t
h
e
 
t
e
r
m
 
a
p
p
l
i
e
d
t
o
 
t
h
e
 
m
o
t
i
o
n
s
 
o
f
 
a

c
r
a
f
t
 
a
b
o
u
t
 
a
 
h
o
r
i
z
o
n
t
a
l
 
a
x
i
s
p
e
r
p
e
n
d
i
c
u
l
a
r
 
t
o

t
h
e
 
d
i
r
e
c
t
i
o
n
 
o
f
 
m
o
t
i
o
n
 
o
f
t
h
e
 
c
r
a
f
t
.

n
o
 
R
e
t
r
o
r
o
c
k
e
t
s

a
r
e
 
r
o
c
k
e
t
s
 
t
h
a
t
 
a
r
e
 
f
i
r
e
d
 
i
n

a
d
S
o
c
t
i
o
n
 
o
p
p
o
s
i
t
e
 
t
o
 
t
h
e

d
i
r
e
c
t
i
o
n
 
o
f
 
m
o
t
i
o
n

©
'
 
t
h
e
 
v
e
h
i
c
l
e

c
a
r
r
y
i
n
g
 
t
h
e
m
.

t
o
o
 
2
o
2
2
 
i
s
 
t
h
e
 
t
e
r
m
 
a
p
p
l
i
e
d

t
o
 
t
h
e
 
m
o
t
i
o
n
 
o
f
 
a

,
a
E
a
f
t
 
a
b
o
u
t
 
t
h
e
 
l
o
n
g
i
t
u
d
i
n
a
l

a
x
i
s
 
o
f
 
t
h
e
 
c
r
a
f
t
.

S
9
0
 
A
 
s
o
f
t
-
 
l
a
n
d
i
n
g
 
o
f
 
a
 
s
p
a
c
e
 
v
e
h
i
c
l
e
 
o
c
c
u
r
s
 
w
h
e
n

t
h
r
o
u
g
h
 
t
h
e
 
u
s
e
 
o
f
 
p
a
r
a
c
h
u
t
e
s

a
n
d
/
o
r
 
r
e
t
r
o
r
o
c
k
e
t
s
,

t
h
e
 
v
e
h
i
c
l
e
 
l
a
n
d
s

o
n
 
a
 
s
u
r
f
a
c
e
 
w
i
t
h
 
v
e
r
y
 
l
i
t
t
l
e

i
m
p
a
c
t
.

3
3
.
 
4
o
n
i
c
 
b
o
o
m
 
i
s

a
 
l
o
u
d
 
e
x
p
l
o
s
i
o
n
-
l
i
k
e
 
n
o
i
s
e
 
p
r
o
d
u
c
e
d

b
y
 
o
b
j
e
c
t
s
 
t
r
a
v
e
l
i
n
g
 
f
a
s
t
e
r

t
h
a
n
 
t
h
e
 
s
p
e
e
d
 
o
f
 
s
o
u
n
d
.

i
t
s
 
i
n
t
e
n
s
i
t
y
 
i
s
 
a
f
f
e
c
t
e
d
 
b
y
 
t
h
e

s
p
e
e
d
 
o
f
 
t
h
e
 
o
b
j
e
c
t

a
n
d
 
i
t
s
 
a
l
t
i
t
u
d
e
 
a
b
o
v
e
 
t
h
e

e
a
r
t
h
;
 
i
t
 
d
e
c
r
e
a
s
e
s

a
s
 
t
h
e

o
b
j
e
c
t
 
a
t
t
a
i
n
s
 
a
 
g
r
e
a
t
e
r
 
a
l
t
i
t
u
d
e

a
n
d
 
i
n
c
r
e
a
s
e
s
 
a
s

t
h
e
 
o
b
j
e
c
t
 
i
n
c
r
e
a
s
e
s
 
i
n
 
v
e
l
o
c
i
t
y

i
n
 
s
u
p
e
r
s
o
n
i
c

f
l
i
g
h
t
.

2



T
A
R
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

1
1
9
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

M
a
i
o
r
 
T
h
e
m
e
,

A
u
t
o
m
a
t
i
o
n

N
u
c
l
e
a
r

S
p
a
c
e
 
C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

M
e
d
i
c
i
n
e

3
4
.
 
S
u
b
o
r
b
i
t
a
l
 
f
l
i
g
h
t
s
 
o
f
 
v
e
h
i
c
l
e
s
f
o
l
l
o
w
 
a
 
p
a
t
h
 
r
e
.

s
e
m
b
l
i
n
g
 
a
 
p
a
r
a
b
o
l
i
c

a
r
c
 
r
a
t
h
e
r
 
t
h
a
n
 
g
o
i
n
g
 
i
n
t
o
 
o
r
b
i
t
.

3

S
3
.
 
A
 
s
u
p
e
r
s
o
n
i
c
 
o
b
i
e
c
t
 
i
s

a
n
y
 
o
b
j
e
c
t
.
 
t
r
a
v
e
l
i
n
g
 
f
a
s
t
e
r

C
h
a
r
 
t
h
e
 
s
p
e
e
d
 
o
f
 
s
o
u
n
d
.

S
G

S
u
r
f
a
c
e
 
t
e
n
s
i
o
n
 
i
s

a
 
c
o
n
d
i
t
i
o
n
 
t
h
a
t
 
e
x
i
s
t
s
 
a
t
 
t
h
e

f
r
e
e
 
s
u
r
f
a
c
e
 
o
f
a
 
b
o
d
y
 
(
a
s
 
a
 
l
i
q
u
i
d
)
 
b
y
 
r
e
a
s
o
n
 
o
f

.
i
n
t
e
r
m
o
l
e
c
u
l
a
r
 
f
o
r
c
e
s
.

I
t
 
r
e
s
e
m
b
l
e
s
 
a
n
 
e
l
a
s
t
i
c

p
a
i
n
,
 
u
n
d
e
r
 
t
e
n
s
i
o
n
.

S
T
.
 
T
o
R
e
m
e
t
e
r
i
n

i
n
s
t
r
u
m
e
n
t
s
 
a
r
e
 
u
s
e
d
 
t
o
m
e
a
s
u
r
e
 
s
p
e
c
i
f
i
c

q
u
m
Z
,
I
t
i
e
s
,
 
t
r
a
n
s
m
i
t
 
t
h
e
 
r
e
s
u
l
t
s

t
o
 
d
i
s
t
a
n
t
 
s
t
a
t
i
o
n
s
,

e
i
a
L
 
g
a
e
o
r
t
 
t
h
e
 
v
a
l
u
e
 
o
f
 
t
h
e
 
d
a
t
a
.

T
h
r
e
s
a
t
 
a
s
 
t
h
e
 
f
o
r
w
a
r
d
 
f
o
r
c
e
 
p
r
o
d
u
c
e
d

b
y
 
t
h
e
 
g
a
s
e
s

e
s
c
a
p
i
m
g
 
f
r
o
m
 
a
 
r
o
c
k
e
t
 
a
n
d
 
i
s
 
c
o
m
m
o
n
l
y
m
e
a
s
u
r
e
d
 
i
n

p
o
u
n
d
s
.

A
l
U
s
t
a
x
 
i
s
 
a
 
c
u
r
v
e
d
 
p
a
t
h
 
o
f

a
n
 
o
b
j
e
c
t
 
t
r
a
v
e
l
i
n
g

c
,
I
l
r
o
u
g
h
 
s
o
m
e
 
m
e
d
i
u
m
o
r
 
s
p
a
c
e
.

a
d
i
d
a
t
i
m
m
i
s
 
a
 
c
o
n
d
i
t
i
o
n
 
o
f
 
e
q
u
i
l
i
b
r
i
u
m

i
n
 
w
h
i
c
h

a
l
l
 
f
o
r
c
e
s
 
a
c
t
i
n
g
 
u
p
o
n
 
a
n
 
o
b
j
e
c
t
a
r
e
 
b
a
l
a
n
c
e
d
.
s
o
 
t
h
e

n
e
t
 
f
o
r
c
e
 
i
s
 
z
e
r
o
.
 
A
 
b
o
d
y
 
i
n
 
f
r
e
e
 
f
a
l
l
 
i
s
 
w
e
i
g
h
t
l
e
s
s
.

A
n
 
o
b
j
e
c
t
 
i
n
 
o
r
b
i
t
 
i
n
s
p
a
c
e
 
i
s
 
w
e
i
g
h
t
l
e
s
s
.

A
0
:
Z
a
w
 
i
s
 
t
h
e
 
t
e
r
m
 
a
p
p
l
i
e
d
 
t
o
 
t
h
e
 
m
o
t
i
o
n
o
f
 
a
 
c
r
a
f
t

a
b
o
i
A
:
 
a
 
v
e
r
t
i
c
a
l
 
a
x
i
s
 
p
e
r
p
e
n
d
i
c
u
l
a
r
t
o
 
t
h
e
 
d
i
r
e
c
t
i
o
n

o
f
 
m
o
t
i
o
n
 
o
f
 
t
h
e
 
c
r
a
f
t
.

4
2
.
 
A
s
 
g
a
s
e
s
 
a
r
e
 
h
e
a
t
e
d
 
t
h
e
y
 
t
e
n
d
t
o
 
e
x
p
a
n
d
 
w
i
t
h
 
a
 
r
e

s
u
i
t
 
a
n
t
 
,
l
i
c
r
e
a
s
e
 
i
n
 
p
r
e
s
s
u
r
e
'
i
f
 
c
o
n
f
i
n
e
d
.

4
3
.
 
V
 
a
 
`
J
a
T
l
i
d
 
o
r
 
g
a
s
 
l
c
 
e
x
p
o
s
e
d
t
o
 
a
 
n
e
a
r
 
p
e
r
f
e
c
t
 
v
a
c
u
u
m

t
h
w

c
a
n
 
s
e
e
m
 
t
o
 
e
x
p
l
o
d
e
;
 
t
h
e
 
g
a
s
 
m
a
y
 
e
x
p
a
n
d
 
r
a
p
i
d
l
y

a
n
d
 
e
a
s

l
i
q
u
i
d
 
m
a
y
 
v
a
p
o
r
i
z
e
 
r
a
p
i
d
l
y
.

S
u
b
 
T
o
t
a
l

1

1



A
M

O
W

,1
11

03
11

w
ea

m
m

om
m

ta
r

T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
e
d
g
e

1
2
0
.

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
s
.

N
u
c
l
e
a
r

S
p
a
c
e

C
y
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
g
y

M
e
d
i
c
i
n
e

N
u
c
l
e
a
r
 
a
n
d
 
A
t
o
m
i
c
 
P
h
y
s
i
c
s

1
.

I
t
 
i
s
 
b
e
l
i
e
v
e
d
 
t
h
a
t
 
a
 
p
a
r
t
i
c
l
e
 
w
i
t
h
 
h
a
l
f
-
i
n
t
e
g
e
r

s
p
i
n
 
(
f
e
r
m
i
o
n
)
 
c
a
n
 
b
e
 
d
e
s
t
r
o
y
e
d

o
n
l
y
 
w
i
t
h
 
t
h
e
s
i
m
u
l
-

t
a
n
e
o
u
s
 
c
r
e
a
t
i
o
n
 
o
r
 
d
e
s
t
r
u
c
t
i
o
n
 
o
f

a
n
o
t
h
e
r
 
f
e
r
m
i
o
n
.

T
h
e
 
p
r
o
c
e
s
s
 
r
e
s
u
l
t
i
n
g
 
I
n
 
t
h
e

s
i
m
u
l
t
a
n
e
o
u
s
 
d
i
s
a
p
p
e
a
r
a
n
c

o
f
 
t
w
o
 
p
a
r
t
i
c
l
e
s
 
i
s
 
k
n
o
w
n

a
s
 
a
n
n
i
h
i
l
a
t
i
o
n
.

A
t
 
p
r
e
s
e
n
t

t
h
i
s
 
p
r
o
c
e
s
s
 
h
a
s
 
b
e
e
n
 
o
b
s
e
r
v
e
d
 
f
o
r
e
l
e
c
t
r
o
n
s
,
 
p
r
o
t
o
n
s
,

a
n
d
 
n
e
u
t
r
o
n
s
.

O
n
e
 
o
f
 
O
l
e
 
d
i
s
a
p
p
e
a
r
i
n
g
 
p
a
r
t
i
c
l
e
s
m
u
s
t

b
e
 
a
n
 
"
a
n
t
i
a
.
p
a
r
t
i
c
l
e
"
 
v
i
t
h
r
e
s
p
e
c
t
 
t
o
 
t
h
e
 
o
t
h
e
r

(
e
x
a
m
p
l
e
;
 
a
n
 
e
l
e
c
t
r
o
n
 
r
i
n
d

a
 
p
o
s
i
t
r
o
n
 
w
h
i
c
h
 
m
a
y
 
b
e

a
n
n
i
h
i
l
a
t
e
d
 
a
r
e
 
e
a
c
h
 
o
l
:
h
e
r
g
s
 
a
n
t
i
-
p
a
r
t
i
c
l
e
s
)
,

T
h
e

a
n
n
i
h
i
l
a
t
i
o
n
 
p
r
o
c
e
s
s
 
a
w
a
y
s
 
s
a
t
i
s
f
i
e
s

t
h
e
 
g
e
n
e
r
a
l

c
o
n
s
e
r
v
a
t
i
o
n
 
l
a
w
s
 
f
o
r
 
i
t
h
e
 
t
o
t
a
l

e
n
e
r
g
y
,
 
m
o
m
e
n
t
u
o
,

a
n
g
u
l
a
r
 
m
o
m
e
n
t
u
m
,
 
a
n
d
 
e
l
e
c
t
r
i
c

c
h
a
r
g
e
 
o
f
 
t
h
e

a
n
n
i
h
i
l
a
t
e
d
 
p
a
i
r
.

2
.
 
A
t
o
m
s
 
v
i
b
r
a
t
e
 
a
t
a
 
f
a
i
r
l
y
 
c
o
n
s
i
s
t
e
n
t
 
f
r
e
q
u
e
n
c
y
 
w
i
t
h
i
n

a
 
c
r
y
s
t
a
l
 
a
t
 
s
o
m
e
 
s
p
e
c
i
f
i
e
d
 
t
e
m
p
e
r
a
t
u
r
e
.

T
h
i
s
 
c
o
n
»

s
t
a
n
t
 
f
r
e
q
u
e
n
c
y
 
o
f
 
v
i
b
r
a
t
i
o
n
c
a
n
 
t
h
e
n
 
b
e
 
u
s
e
d
 
a
s
 
a

t
i
m
i
n
g
 
d
e
v
i
c
e
,

3
 
A
 
c
h
a
i
n
 
r
e
a
c
t
i
o
n
 
i
s
 
t
h
e
:

s
e
l
f
-
p
r
o
p
a
g
a
t
i
n
g
 
f
i
s
s
i
o
n
 
o
f

a
t
o
m
i
c
 
n
u
c
l
e
i
 
c
o
n
t
i
n
u
e
d
;
 
b
y
 
t
h
e

f
u
r
t
h
e
r
 
a
c
t
i
o
n
 
o
f
o
n
e

o
f
 
t
h
e
 
p
r
o
d
u
c
t
s
;
 
i
n
 
t
h
e
,
 
f
i
s
s
i
o
n
o
f
 
a
 
u
r
a
n
i
u
m
 
n
u
c
l
e
u
s

b
y
 
a
 
n
e
u
t
r
o
n
 
t
h
e
 
r
e
l
e
a
t
e
 
o
f
m
o
r
e
 
n
d
u
t
r
o
n
s
 
c
a
u
s
e
s

a
d
d
i
t
i
o
n
a
l
 
f
i
s
s
i
o
n
s
.

4
.
 
C
r
i
t
i
c
a
l
i
t
y
 
o
f

a
 
n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
 
i
s
 
t
h
a
t
 
p
o
i
n
t

o
r

c
o
n
d
i
t
i
o
n
 
a
t
 
w
h
i
c
h
 
e
n
o
u
g
h
 
f
i
s
s
i
o
n
a
b
l
e
m
a
t
e
r
i
a
l
 
i
s

p
r
e
s
e
n
t
 
t
o
 
s
u
s
t
a
i
n
 
a
 
c
h
a
i
n
 
r
e
a
c
t
i
o
n
.

3
F
i
s
s
i
o
n
a
b
l
e
 
m
a
t
e
r
i
a
l
 
i
s
 
c
a
p
a
b
l
e
 
o
f
b
e
i
n
g
 
s
p
l
i
t

(
f
i
s
s
i
o
n
e
d
)
 
i
n
 
a
 
n
u
c
l
e
a
r

r
e
a
c
t
o
r
 
o
r
 
n
u
c
l
e
a
r
 
b
o
m
b

i
n
t
o
 
s
i
m
p
l
e
r
 
e
l
e
m
e
n
t
s
.

1

1 1
. 1



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

1
2
1
.

P
r
e
r
e
q
u
i
s
i
t
e
K
n
o
w
l
e
q
a
t

C
o
 
T
h
e
 
f
i
s
s
i
o
n
 
p
r
o
d
u
c
t
s
 
o
f
a
 
n
u
c
l
e
a
r
 
r
e
a
c
t
i
o
n
 
c
o
n
s
i
s
t

o
f
 
r
a
d
i
o
a
c
t
i
v
e
 
i
s
o
t
o
p
e
s
 
o
f
 
v
a
r
i
o
u
s
 
e
l
e
m
e
n
t
s

a
n
d
 
o
t
h
e
r

c
h
a
r
g
e
d
 
p
a
r
t
i
c
l
e
s
 
t
h
a
t
 
r
e
s
u
l
t
 
f
r
o
m
 
t
h
e
 
s
p
l
i
t
t
i
n
g

o
f

4
1
e
 
n
u
c
l
e
u
s
 
o
f
 
a
n
 
a
t
o
p
.

7
G
e
i
g
e
r
 
c
o
u
n
t
e
r
s
 
a
r
e
 
e
%
e
c
t
r
o
n
i
c
 
d
e
v
i
c
e
s
 
u
s
e
d
 
f
o
r
 
d
e
.

t
e
c
t
i
n
g
 
a
n
d
 
m
e
a
s
u
r
i
n
g
 
t
h
e
 
i
n
t
e
n
s
i
t
y
 
o
f
 
r
a
d
i
a
t
i
o
n

e
m
i
t
t
e
d
 
f
r
o
m
 
a
 
r
a
d
i
o
a
c
t
i
v
e
 
s
u
b
s
t
a
n
c
e
.

M
a
i
o
r
 
T
h
e
m
e
,

A
u
t
o
m
a
t
i
o
n
.

N
u
c
l
e
a
r

S
 
a
c
e

C
 
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r
l
i
p

M
e
d
i
c
i
n
e

8
a
'
H
i
g
h
-
7
?
Z
e
l
d
4
°
 
n
u
c
l
e
a
r
 
e
x
p
l
o
s
i
o
n
s
a
r
e
 
t
h
o
s
e
 
t
h
a
t
 
l
i
b
e
r
a
 
e

o
r
 
g
z
e
a
e
 
n
 
e
n
o
r
m
o
u
s
 
a
m
o
u
n
t
 
o
f
 
r
a
d
i
o
a
c
t
i
v
e
 
f
a
l
l
o
u
t
.

J
o
 
I
o
d
i
n
e
 
1
3
1

s
 
a
 
r
a
d
i
o
a
c
t
i
v
e
 
i
s
o
t
o
p
e
 
o
f
 
i
o
d
i
n
e
 
f
o
r
m
e
d

a
s
 
a
 
m
o
u
l
t
 
o
f
 
n
u
c
l
e
a
r
 
e
x
p
l
o
s
i
o
n
s
.

1
0
.
 
A
n
 
e
f
f
e
c
a
i
v
e
 
i
t
j
L
t
d
a
t
s
2
:
 
a
g
a
i
n
s
t
 
r
a
d
i
o
a
c
t
i
v
e
s
u
b
-

s
t
a
n
c
e
s
 
'
1
,
s
 
o
n
e
 
t
h
a
t
 
w
U
l
 
s
t
o
p
 
o
r
 
a
b
s
o
r
b
 
m
o
s
t
 
o
f
 
t
h
e

h
a
r
m
f
u
l
 
2
a
d
i
a
t
i
o
n
 
e
m
i
t
t
e
d
 
b
y
 
t
h
e
 
r
a
d
i
o
a
c
t
i
v
e
 
s
u
b
-

s
t
a
n
c
e
.

1
1
.
 
T
h
e
 
j
i
f
e
-
s
e
a
s
 
o
f
 
a
n
 
a
t
o
m
i
c
 
w
a
s
t
e
 
p
r
o
d
u
c
t
 
i
s
 
t
h
e

t
i
m
e
 
r
e
q
u
i
r
e
d
 
f
o
r
 
t
h
a
t
 
p
r
o
d
u
c
t
 
t
o
 
l
o
s
e
 
m
o
s
t
 
o
f

i
t
s
 
h
a
r
m
f
u
l
 
r
a
d
i
a
t
i
o
n
.

1
2
.
 
A
 
l
i
g
h
t
 
w
a
t
e
r
 
r
e
a
c
t
o
r
 
i
s
 
o
n
e
 
i
n
 
w
h
i
c
h
 
o
r
d
i
n
a
r
y

w
a
t
e
r
 
i
s
 
u
s
e
d
 
a
s
 
b
o
t
h
 
t
h
e
 
c
o
o
l
i
n
g
 
a
g
e
n
t
 
a
n
d
 
t
h
e

m
o
d
e
r
a
t
o
r
.

T
h
i
s
 
d
i
f
f
e
r
s
 
f
r
o
m
 
t
h
e
 
h
e
a
v
y
 
w
a
t
e
r

r
e
a
c
t
o
r
 
w
h
i
c
h
 
u
s
e
s
 
d
e
u
t
e
r
i
u
m
 
o
x
i
d
e
 
a
s
 
t
h
e
 
m
o
d
e
r
a
t
o
r
.

1
3
.
 
T
h
e
 
m
i
l
l
i
c
u
r
i
e
 
i
s
 
a
 
u
n
i
t
 
o
f
 
m
e
a
s
u
r
e
 
o
f

a
m
o
u
n
t
 
o
f

r
a
d
i
a
t
i
o
n
.

1
4
.
 
N
e
u
t
r
i
n
o
s
 
a
r
e
 
u
n
c
h
a
n
g
e
d
 
e
l
e
m
e
n
t
a
r
y
 
p
a
r
t
i
c
l
e
s
 
w
i
t
h

a
z
e
r
o
 
r
e
s
t
 
m
a
s
s
.

1
.

3
.

3
. 1 1



T
A
B
L
E
 
X
I
I

C
o
n
t
i
n
u
e
d
)

1
2
2
.

P
r
e
r
e
q
u
i
s
i
t
e
 
K
n
o
w
l
.
v
a
t

1
5
.
 
A
 
n
e
u
t
r
o
n
 
i
s
 
a
 
p
a
r
t
i
c
l
e
 
f
o
u
n
d
 
i
n
 
t
h
e
 
n
u
c
l
e
u
s
 
o
f

a
t
o
m
s
.

I
t
 
i
s
 
e
l
e
c
t
r
i
c
a
l
l
y
 
n
e
u
t
r
a
l
_
a
n
d
 
h
a
s
 
a
 
m
a
s
s
 
o
f

o
n
e
 
a
t
o
m
i
c
 
m
a
s
s
 
u
n
i
t
.

1
6
.
 
N
u
c
l
e
a
r
 
f
i
s
s
i
o
n
 
.
 
D
u
r
i
n
g
 
t
h
e

p
r
o
c
e
s
s
 
o
f
 
n
u
c
l
e
a
r

f
i
s
s
i
o
n
 
g
r
e
a
t
 
a
m
o
u
n
t
s
 
o
f
 
e
n
e
r
g
y
 
a
r
e
 
e
m
i
t
t
e
d

a
s
 
a

r
e
s
u
l
t
 
o
f
 
t
h
e
 
s
p
l
i
t
t
i
n
g
 
o
f
 
a
t
o
m
i
c
 
n
u
c
l
e
i
 
a
n
d
 
t
h
e

r
e
s
i
d
u
e
 
o
r
 
p
r
o
d
u
c
t
s
 
o
f
 
t
h
e
 
f
i
s
s
i
o
n
p
r
o
c
e
s
s
 
a
r
e

r
a
d
i
o
a
c
t
i
v
e
.

1
7
.
 
N
u
c
l
e
a
r
 
f
u
s
i
o
n
 
i
s
 
t
h
e

p
r
o
c
e
s
s
 
o
f
 
r
e
l
e
a
s
i
n
g
 
e
n
e
r
g
y

t
h
r
o
u
g
h
 
t
h
e
 
u
n
i
t
i
n
g
 
o
f
 
t
h
e
 
n
u
c
l
e
i
 
o
f
 
l
i
g
h
t

c
h
e
m
i
c
a
l

e
l
e
m
e
n
t
s
 
t
o
 
f
o
r
m
 
n
u
c
l
e
i
 
o
f
 
h
e
a
v
i
e
r
 
e
l
e
m
e
n
t
s
.

1
8
.
 
N
u
c
l
e
a
r
 
r
e
a
c
t
o
r
s
 
a
r
e
 
d
e
v
i
c
e
s
 
i
n
 
w
h
i
c
h

a
 
c
h
a
i
n

r
e
a
c
t
i
o
n
 
o
f
 
f
i
s
s
i
o
n
a
b
l
e
 
m
a
t
e
r
i
a
l
 
i
s
 
i
n
i
t
i
a
t
e
d

a
n
d
 
c
o
n
t
r
o
l
l
e
d
.

1
9
.
 
T
h
e
 
n
u
c
l
e
u
s
 
o
f
 
a
n
 
a
t
a
a
 
i
s
 
t
h
e
 
d
e
n
s
e

c
e
n
t
e
r
 
p
a
r
t

o
f
 
t
h
e
 
a
t
o
m
 
a
r
o
u
n
d
 
w
h
i
c
h
 
t
h
e
 
e
l
e
c
t
r
o
n
s
 
o
r
b
i
t
.

1

M
a
j
o
r
 
T
h
e
m
e

A
u
t
o
m
a
t
i
o
n
.

N
u
c
l
e
a
r

a
c
e

b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

E
n
e
r

M
e
d
i
c
i
n
e

1 1.

2
0
,
 
R
a
d
i
a
t
i
o
n
 
h
a
z
a
r
d
 
i
m
p
l
i
e
s
 
t
h
e

p
r
e
s
e
n
c
e
 
o
f
 
h
a
r
m
f
u
l

r
a
d
i
a
t
i
o
n
s
 
s
u
c
h
 
a
s
 
t
h
,
s
e
 
e
m
i
t
t
e
d
 
f
r
o
m
 
r
a
d
i
o
a
c
t
i
v
e

i
s
o
t
o
p
e
s
,
 
a
c
c
e
l
e
r
a
t
o
r
 
a
,
 
e
t
c
.

2
1
,
 
R
a
d
i
o
a
c
t
i
v
e
 
A
r
g
o
n
 
3
1
 
I
s
a
n
 
i
s
o
t
o
p
e
 
o
f
 
t
h
e
 
e
l
e
m
e
n
t

a
r
g
o
n
 
w
h
i
c
h
 
e
m
i
t
s
 
r
a
d
i
a
t
i
o
n
s
 
s
u
c
h
 
a
s
 
a
l
p
h
a
,
 
b
e
t
a
,

o
r
 
g
a
m
m
a
 
p
a
r
t
i
c
l
e
s
 
o
r
 
r
a
y
s
.

2
2
.
 
R
a
d
i
o
a
c
t
i
v
i
t
y
 
i
s
 
t
h
e
 
t
e
r
m
 
u
s
e
d
 
t
o
 
d
e
s
c
r
i
b
e

a
p
r
o
p
e
r
t
y
 
p
o
s
s
e
s
s
e
d
 
b
y
 
s
o
m
e
 
e
l
e
m
e
n
t
s
 
w
h
i
c
h

s
p
o
n
t
a
n
e
o
u
s
l
y
 
e
m
i
t
 
a
l
p
h
a
 
o
r
 
b
e
t
a
 
o
r
 
g
a
m
m
a
 
r
a
y
s

o
r
 
p
a
r
t
i
c
l
e
s
.

1

1. 2 1 1



T
A
B
L
E
 
X
I
I

(
C
o
n
t
i
n
u
e
d
)

.9
=

11
10

11
1.

1
2
3
.

P
r
e
r
e
c
u
i
s
i
t
e
 
K
n
o
w
l
e
i
g
e
.

M
a
j
o
r
 
T
h
e
m
e

N
u
c
l
e
a
r

E
n
e
r
g
y

M
e
d
i
c
i
n
e

A
u
t
o
m
a
t
i
o
n
-

S
 
a
c
e

C
 
b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e

2
3
e
 
R
a
d
i
o
a
c
t
i
z
a
j
t
m
a
 
i
s
 
1
;
h
e
 
p
r
o
c
e
s
s
 
o
f
 
d
i
s
i
n
t
e
g
r
a
t
i
o
n

o
f
 
r
a
d
i
o
a
c
t
i
v
e
 
m
a
t
e
r
i
a
l
s
 
r
e
s
u
l
t
i
n
g
 
i
n
 
t
h
e
 
f
o
r
m
a
t
i
o
n

o
f
 
d
i
f
f
e
r
e
n
t
 
e
l
e
m
e
n
t
s
 
o
r
 
i
s
o
t
o
p
e
s
 
o
f
 
e
l
e
m
e
n
t
s
 
a
n
d
 
i
s

u
s
u
a
l
l
y
 
a
c
c
o
m
p
a
n
i
e
d
 
k
r
 
t
h
e
 
e
m
i
s
s
i
o
n
 
o
f
 
a
l
p
h
a
,
 
b
e
t
a

o
r
 
g
a
m
m
a
 
r
a
d
i
a
t
i
o
n
s
.

1

2
4
.
 
R
a
d
i
o
a
c
t
i
v
e
 
f
a
l
l
o
u
t
 
i
s
 
t
h
e
 
a
c
c
u
m
u
l
a
t
i
o
n
 
o
f
 
r
a
d
i
o

3

a
c
t
i
v
e
 
s
u
b
s
t
a
n
c
e
s
'
 
-
i
n
 
t
h
e
 
a
t
m
o
s
p
h
e
r
e
 
a
s
 
t
h
e
 
r
e
s
u
l
t

o
f
 
a
 
n
u
c
l
e
a
r
 
e
x
p
l
o
s
i
o
n
s
 
a
n
d
 
t
h
e
 
s
l
o
w
 
d
e
s
c
e
n
t
 
o
f
 
t
h
e
s
e

m
a
t
e
r
i
a
l
s
 
t
o
 
t
h
e
 
e
a
r
t
h
'
s
 
s
u
r
f
a
c
e
.

2
5
,
 
R
a
d
i
o
a
c
t
i
v
e
 
i
s
o
t
o
p
e
s
 
a
r
e
 
d
i
f
f
e
r
e
n
t
 
f
o
r
m
s
 
o
f
 
t
h
e

1
2

1

s
a
m
e
 
e
l
e
m
e
n
t
,
 
d
i
f
f
e
r
i
n
g
 
i
n
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
n
e
u
t
r
o
n
s

c
o
n
t
a
i
n
e
d
 
i
n
 
t
h
e
 
n
u
c
l
e
u
s
 
a
n
d
 
e
m
i
t
t
i
n
g
 
r
a
d
i
a
t
i
o
n
s

i
a
 
t
h
e
 
f
o
r
m
 
o
f
 
r
a
y
s
 
o
n
 
p
a
r
t
i
c
l
e
s
 
a
s
 
t
h
e
 
r
e
s
u
l
t
 
o
f

t
h
e
 
d
i
s
i
n
t
e
g
r
a
t
i
o
n
 
o
f
 
t
h
e
 
u
n
s
t
a
b
l
e
 
n
u
c
l
e
u
s
.

2
6
.
 
S
h
o
r
t
 
-
 
l
i
v
e
d
 
f
a
l
l
o
u
t
 
p
o
r
t
a
i
n
s
 
t
o
 
t
h
o
s
e
 
r
a
d
i
o
a
c
t
i
v
e

1

s
u
b
s
t
a
n
c
e
s
 
p
r
o
d
u
c
e
d
 
b
y
 
a
 
n
u
c
l
e
a
r
 
e
x
p
l
o
s
i
o
n
 
w
h
i
c
h

a
r
e
 
r
a
d
i
o
a
c
t
i
v
e
 
o
r
 
e
m
i
t
 
r
a
d
i
a
t
i
o
n
 
f
o
r
 
o
n
l
y
 
a
 
s
h
o
r
t

p
e
r
i
o
d
 
o
f
 
t
i
m
e
.

2
7
.
 
a
 
t
h
e
r
m
a
l
 
r
e
a
c
t
o
r
 
i
s
 
a
n
 
a
p
p
a
r
a
t
u
s
 
i
n
 
w
h
i
c
h
 
a
 
c
h
a
i
n

1

r
e
a
c
t
i
o
n
 
o
f
 
f
i
s
s
i
o
n
a
b
%
e
 
m
a
t
e
r
i
a
l
 
i
s
 
i
n
i
t
i
a
t
e
d
 
a
n
d

c
o
n
t
r
o
l
l
e
d
 
f
o
r
 
t
h
e
 
p
r
o
d
u
c
t
i
o
n
 
o
f
 
a
 
k
n
o
w
n
 
q
u
a
n
t
i
t
y

o
f
 
h
e
a
t
.

S
u
b
 
T
o
t
a
l

9
2
3

E
.

S
o
u
n
d
 
a
n
d
 
L
i
g
h
t

1
.
 
A
 
f
l
u
o
r
e
s
c
e
n
t
 
d
y
e
 
i
s
 
a
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
 
c
a
p
a
b
l
e

I
o
f
 
p
r
o
d
u
c
i
n
g
 
l
i
g
h
t
 
w
h
e
n
 
a
c
t
e
d
 
u
n
o
n
 
b
y
 
r
a
d
i
a
n
t
 
e
n
e
r
g
y
.

2
.
 
T
h
e
 
l
a
s
e
r
 
i
s
 
a
 
d
e
v
i
c
e
 
t
h
a
t
 
u
t
i
l
i
z
e
s
 
t
h
e
 
e
l
e
c
t
r
o
n
s
w
i
t
h
i
n

a
t
o
a
-
r
a
 
a
m
p
l
i
f
y
i
n
g
 
o
r
 
g
e
n
e
r
a
t
i
n
g
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
w
a
v
e
s

in
t
h
e
 
v
i
s
i
b
l
e
 
r
e
g
i
o
n
 
o
f
 
t
h
e
 
s
p
e
c
t
r
u
m
.

1
1



P.
m

ta
tis

e 
K

no
rr

or
gr

ig
 w

al
er

m
ul

lo
rm

us
r.

..a
m

as
rm

s.

T
A

B
L

E
 X

IX
(C

on
tin

ue
d)

3.
 T

he
 s

ae
ni

fi
ca

tjt
on

po
w

er
 o

f 
a 

m
ic

ro
sc

op
e 

Is
a 

m
ea

su
re

of
 it

s 
ab

ili
ty

 to
 e

nl
ar

ge
th

e 
ap

pa
re

nt
 s

iz
e 

of
so

m
e

ob
je

ct
.

M
a
 
a
t
 
'
T
h
e
m
e

A
ut

om
at

io
n

N
uc

le
ar

S
 
a
c
e

be
rn

et
ic

s
Sc

 ie
re

a
B

oe
r

M
ed

ic
in

e

12
4.

4,
p 

C
om

m
*,

 s
ub

st
an

ce
s 

do
no

t t
ra

ns
m

it 
lig

ht
.

5.
 P

ho
to

n 
ra

di
at

io
n

is
 th

e 
em

is
si

on
 o

f 
lig

ht
qu

an
ta

.
T

he
 v

el
oc

ity
 o

f 
lig

ht
 in

fr
ee

 s
pa

ce
 I

s 
co

ns
ta

nt
,

18
6,

00
6 

m
ile

s
pe

r 
se

co
nd

.

6.
 R

ei
nc

lo
ud

s 
be

co
m

e
da

rk
er

 a
s 

th
ey

 a
lc

im
iu

la
te

m
or

e 
m

ot
s

in
 th

e 
fo

rm
 o

f 
tin

y 
w

at
er

dr
op

le
ts

.
T

he
se

 d
ro

pl
et

s
ab

so
rb

 a
nd

 r
ef

le
ct

 th
e 

lig
ht

,
th

us
 p

er
m

itt
in

g 
lit

tle
lig

ht
 to

 p
as

s 
th

ro
ug

h 
th

e
cl

ou
d.

7.
 m

at
hs

 is
 th

e
pr

oc
es

s 
by

 w
hi

ch
 li

gh
t o

r 
ot

he
r

fo
r"

 o
f 

el
ec

tr
om

ag
ne

tic
en

er
gy

 b
ou

nc
es

 o
ff

 o
f

va
ri

ou
s 

su
rf

ac
es

.

8,
 it

af
ra

ct
io

st
 o

f 
lig

ht
in

vo
lv

es
 th

e 
be

nd
in

g 
of

 li
gh

t
w

av
es

 a
s 

th
ey

 p
as

s 
fr

om
on

e 
m

ed
ia

e 
in

to
 a

no
th

er
o
f
 
d
i
f
f
e
r
e
n
t
 
d
e
n
s
i
t
y
.

P.
 T

he
 L

ej
nb

ir
s 

io
n 

of
a 

ca
m

er
a 

re
fe

rs
 to

 it
s 

ab
ili

ty
 to

re
si

de
r 

vi
si

bl
e 

th
e

se
pa

ra
te

 p
ar

ts
 o

f 
an

 o
bj

ec
t. 

A
ca

m
er

a 
w

ith
 h

ig
h 

re
so

lu
tio

n 
pr

od
uc

es
an

 im
ag

e 
th

at
is

 s
ha

rp
 a

nd
 f

ul
l o

f 
de

ta
il.

10
. U

tL
ai

r 
pa

ne
ls

 le
ar

e 
a 

se
ri

es
 o

f 
so

la
r 

ce
lls

 u
se

d
to

 c
on

s.
ve

nt
 r

ad
ia

nt
 e

ne
rg

 f
ro

m
 th

e
su

n,
 u

su
al

ly
 v

is
ib

le
 li

gh
in

to
 e

le
ct

ri
ci

ty
.

11
, S

m
ea

ns
 s

ou
nd

 n
av

ig
at

io
n 

ra
ng

in
g 

an
d 

is
a 

m
et

ho
d

o 
M

ee
tin

g 
ob

je
ct

s 
by

 b
ou

nc
in

g 
so

un
d

w
av

es
 o

ff
 o

f
th

e 
ob

je
ct

.
Su

b 
T

ot
al

1

11
11

11
11

11
11

11
.

9



AININIMIMIMAIMMIIMISMNIMINemomftimmormwoliogormmANOININvoot#,AommalIMIPsiONIMMUINIIIPMMila.

TABLE XIII

Number of Items of Prerequisite Knowledge Cle.ssified
by Academic Mad* end Major Theme of at(

Newspaper to:tides

Ria4AVIAA

Discipline

implasiftil010101111011.0012001111fti

Anthropology

Astrznos

Biology

Chemistry

125*

Autormation Nuclear Medi-
Space Cybernetics Science Energy else Total

94

Computer Science

Engineering 1

Geology

Meteorology 1

Oceanography

8

TOTAL 184

'4

33

65

4

127

1 lt/ 398

1 9 45

13 1 14

1

6

2

27

7

1

isiNterists 110111111011s.21111.11.1140111001201NrOMLoalM

:43 226 34 346 803

frommTable XIII, 'which Is a 'Amery of Table nit it la mod
that there 441 1,03 item* of har*lam in and of edemas, pier qt; sit*
co reading the 414 scientifically, modior technol ogically orient41

ertkAemilp

The 184 item.: of prerequisite listowledge for article* wii ti

the these Space corm mainly frost its disciplines of astronomy and

Physics; 94 or 57 M1 per cent from astronomer and 70 or 38 per sent
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fvem physics. There ward only -a mcattering of items from the other
disciplines.

2. ilkutorsation and Cyberneticit

The articles with this theme have only 13 items of
prerequisite Irsowledge,end all CAM trout Computer Science«

3. Science

The articles with the theme Science had 226 items of
prerequisite knowledge from the digeiplines of Phyilics, biology,
astronomy, chemistry, geology, meteorolosy anthropology, oceano-
graphy, and ccuputez. science in that orders of number of items.
The greatest portion of the items came physics, biology,

4mammal and chemietry.

4. Nuclear Energy

The articles with the theme Nuclear Energy bit, % items
of prerequisite, knowledge, 29 of which came from physics,

5. Medicine

The greatest number of items of prerequisite knowledge
pertained to the articles with the thameMdicine. The 156'
medf.cal articles required 346 or 43.1 per cent of the 803 items
of prerequisite knowledge of which 327 were classified within the
ascipline biology« The 327 items prerequie.te to the treacles
with Cie theme made up 84.7 per ceut of the 398 items of
biological knowledg, found to be prerequisite to the articles read.
Notice that only ten items were classified as physics mod nine as
chemistry.

6. Dal
e

The total average demand iv.4 terms of prat:equal' iite iteme



4

Alaileekessaltimamemaeseekeieepowniamausrliff...-gommitowskr :wmoritia 4

127

of knowledge was about two items per article. The greatest (brand
was placed on knowledge from biology which here included 0.6
per cent of the items of prerequisite knowledge., The second pest
tion of importancewas occupied icy physics with 22.2 per cent of the
total items of prerequisite knowledgo. The *cedes& area in third
position of importancewas astroulay which includes 158 per cent
of the prerequisite items. The remainder of the discipliutry

siren ire. the source of only 12.4 per cent of the iteus of prerequi
site knowledges40

When the numbers of items of prerequisite knowledge classified
according to article themes as in Table MI era compared with the
respective numbers of articles requiring prerequisite knowledge
listed in Table XI it is noted that 131 articles classified as
Nedicine required 346 items mums than 2.6 item: par article.
The articles with the theme Spice Science each required an

average of 2.4 items per article. Articles with the themes

Automation-Cybernetics and Nuelear Energy averaged 2.2 and 2.1 items
of prerequisite knowledge per article respectively.
itrwoble. S. Wagesine Study

To determine the minter of articaea that were scientifically
and/or technologically adetated.

atle.tfijastatt
The selected stagasines were carefully road and all articlos

with a ecieutilk or technological orientation were cupped and
filed for further an4lysie.

Articles includad in this phese of ttle tin* met the same
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criterie as isetatL4bed for the newspeperso Sea page 41 and 42:

Sul t

Mere were 92 aticlas with a ecientific and/or technological

orientation found in the sample of 48 magazine issuts selected frost
the six month subscriptions to eight popular magazines:

It is noted from Table XIV that the number of scientifically

and/or.technoloaiealty oriented articles varied from 32 in Reader's

Digest to two in National Geographic:

TABLE XXV

Number of Nagasine Articles with a Scientific
a. /or Technological. Orientation

JIIIIMMOONSIMINOINNIM440111110011.01111010111101111100

I. General Interest Magazines Number of Articles
Lite 3

National Geographic 2

Reader's Digest 32

Redbook 7

Saturday Evening Post 3

Time 22

Total 69

I/: lion et liegazines

Ladies Home Jourzal

McCall

Tolosa.

Tot for both groups

5

23.

92
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To determine the nsture of the themes of the

and/qr technologicealy oriented artiftles selected

litadmaLUdnit
The method of analysis amployed was the s

in the newton analysis. See page 42.

helm

The -Ivoiping of individual themes of the magazine articles

resulted in the osteblichment of five iza:tor themes which best

129.

sciantifica)

Prue the magazines.

as that employed

summarised the nature of the individual themes. These five major

themes were:

1) Space

2) Antometion Cybcrnatice.

3) Science

4) Nuclear Energy

5) WW1*

The articles cicssified within torch major thew met the same

criteria es thou estsibliehmd for the newspaper articles. !We peso

43 end 44.

-.11.1111



TABLE XV

limber of SitilintisUcally and/or TeeLnologically hrtanted
MILVISthe Artie las Classified Accords*

to Major Theme

liagasizake

General Editorial

Life

Untional
Geographic 2

Reader's Digest

Rdbook

Saturday
Evening foot

Sub Total

Woisnis Magazines

'30.

for bate
Automation. Nuclear

Spans Cybernetics fiance Xmargy Medicine

Ladies Sens
Journal

McCall's

Sub Total

itameIna to

3

0

10

f Table XV

AIMOMMINIONNIIMMISINIMINNIMOIMMINOWIlat

O 0 0 0

O 9 1, 14

4 1 0 6

1 0 2

0

4 20 2 3Z

0

.2.

4 23 2

.6
the ,2 articles !dad the major theme Maaielne, 23 or 21 per :Ant

had the major theme Selene., and that articles with these two

themes esceent for $2.6 per east of 41 the aelentifisolly medior

teskaolegiaally oriented article; is Ube eight empeines studied.

4

53

t of



Of the three remaining theme*. Specs geminate tor ten or 10.9 pr

cent, AutomationCybernaticp eccount, for four or 4.3 per cent

and Anion Snow for two or 2.2 per cent.

The 23 atticiee traleeted tome the Omen's Meg/mine had either

the theme Milian, or the theme Science. The 20 articles with the

thew Medicine mode up 87 per cent of the scienttfically and!or

Lachnolocicaily Oriented inlets* found ittWomenis =winos and

also 37.7 par cent of the 53 such articles found in the eight

megasine wimples*

Isjdoejtja- 3. Magnin. Study

To determine the distribution.of articles ober, c clessificeo

tion of science &War technology is imposed.

AilltegaLtailla

The method of analysis was the same as that employed for the

newspapers. See pig* 45 snd 46.
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TABLE ZVI

Limber of MsRataine Articles Oriented Toward s,t,',ionc
Technology or Both, Classified 41c4oitilting rrt

Major Theme of the article

Magatines

232.

Automation- Nuclear
Space Cybernetics Science Energy Medicine

fttntailialatte....PAIsi

Science 1 0n 8 1 4,

Technology 4 4 7 17

Both Scien4
and Teztmology 5 0 5 0 12

Womenis Magazines

Science 0 ,̂. 0 1

Technology 0 0 1 0 15

Both Science
mid Tectztielmi

WA
Science 1 t 10 1 5

Technology 4 4 8 1 33

Both Science
and Technology 5 0 5 o 15..,.at

.sonamono!*

Requiter,

Within the 92 megosine articles selo4tei 50 or 54 rm. cent

Imre found to be technologically oriented 17 or 18 per 0.4nt ori-

ented toward science, and 25 or 27 per, cent intiuded both science

and technology, Warring to Table 10.11 it is noted that of the

ten articles with the Space theme one was oriented toward aci=,t,

four toward technology and five included reference to both science
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and teehmolegy. All- four of the Automation*Cybernetics articles

MOV4 oriented tovalod technology. The 23 articles with Science

the mes. included ten oriented toward science, eight toware techlology

and five 2owaril both science and technology* Theo Nuclear Energy

articles were equalir diqtributud between acleuce sand technology;

the 53 Medicine tcticles inetude4 five orlenuel toward science, 33

toward technology and 15 toward both 2C141140 and technology*

When the Women's magasInes elsue aro *onsidered it is found

that the three articles with the major theme Science Included one

article oriented toward technology and two oriented toward science.

Within the 20 articles idth the thamelledicine one is science

oriented, 16 are oriented technologically ane three are both.

" 4. Magotins Study

Ti determine the number of article.' that involve scions and/or

technology thet have one or more social implications .

MIVAAJNICLVat

The criteria etablished were the same as for newspapar

*isles. See page 45*

ank.411 tr.

It was foams that 40 or 44#5 per cent of the megazine articles

that contaloed reference to oar discascion of science and/or technology

also involved some social /implication. bcamination of Table XVII

reveals that five or 12 per cent of the science oriented articles

inolude4 social implication, 24 or 54 per cent of the technllogicelly

oriented artioles included such implications as did 12 or 29 per

cent of the articles classified as both*

6
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TABLE XVII

amber of Articles Including Some
Social Implicaeon, Classified Accoring
Major Themes and 3eence and/or Technology

Tecono

Both S
and Techno

NISMOMNAM.0.101111MMEMIN
Autowetion- Nuclear Medi-

Cpace Oyberoetics Science Energy eine TOW:

0

1

0

4

0 4 5

1 14 24

4 0 6 12

4 9 1 24 41

tthe data in Table VII are considered with those in

Table XVI it is noted that only three of the ten articles with the

them* Space included some social implication and that these three

were classified either a tmcbnology or both; the four articles

with the theme Automation - Cybernetics included social impli-

cations; one of the ten Sciencol theme articles classified as set*,

ence, four of the ei:fit Science theme articles classified as

technol and four of the five Science theme articles classified

as both included social implications; of the two articles with the

theme Nuclear Energy only the one classified as technology contained

a social implication; four of the five Medicine theme article,

classified saw:, 24 of the 33 Medicine theme articles classi-

fied technology, and 12 of the 15 Medicine theme articles clausal-

fied both contained social implications.

In summary, social implications were found lw 30 per cent

of the Space oriented articles, 100 per cent of the tour Auto-

mation-Cybornetics articles, 39 per cant of the Science articles

ANAMINKCIIIMMAIIIMAW
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50 per cent of the Molest ftergy articles and 4$ per cant of

the articles classified Wdicine*

Wads= S. Nagseine Study

To determine the nature of the social isplicetions included

in articles which involve science and/or technology*

age...4.41118WIL

The method of analysis was the same as that followed for the

newspapers. See page 50.

Results

1. There were 84 statements prepared that identified the

nrcure of social concerns either implied or directly stated 'n the

41 articles contaiming social implications*

2* Me 84 ststemerts included social interrelationships be
twsen society and science and/or technology, political decisions

or Issues that involved science and/or tech:W.14y, and 'comae

relationships that involved science and/or technology. The 84

statements were thus classified as either social, political, or

economic.

Astatement of concern was considered to be social when the

discussion involved the direct effect sr involvement of science and/or

technology upon individuals or in 4" vociety* come items were

health, leisure, safety, and employment

A statement of concern was classified as political if it in-

volved a voting judgment, right or responsibility of the citizen

or his duly elected or appointed representative concerning * sci-

entific or technological problem.



A statement of concern vas claw

16.

fled as economic when it
was related to a financial oast or gain and also involved a

scientific or technological problem,

TABLE 701::u

Buten of Statements Indicating Social Implications
Classified According to Comoro, Major Theme

of the Kassel= Article, Science, Technology or Both.

asisagmtaliiiMeasOm
NNW

Automation«. Nucleer Ned
Space Cybernetice Sciatica Energy nine Total.

69

Science

Technology

Both Science
and Technology

Total

3. Referring to Table Mint it is noted that when the 84 state-

ments indicating social implicatima were classified 40 or 47.6

percent were social cony arnss 22 41: 26.2 per mayor* political

concerns, and 22 or 26.2 per cent were economic concerns.

4. Articles classified as technology were the source of 53

or 63 per neat of the statements of social implications. these

statements included 24 of social concern with the remainder about

equally distributed batsman the groupings of economic and political

concern.

5. When the number of social implications is examined, within

the major theme classifications it is noted that &Mane accounts

,V1100111111111.01PAROMMITSEmmelesassimaii»
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for 38 or 45 per cant of doe total with the reminder being about
equally distributed smog Spate, Micro-Cybeinetica are Itcle;oce

64 Comparieon of the proportiouel distribution of the number
of loom of 'social, polttical, awl 000namic concerns within end

among the major thaws oleseificatione tabulated in Tali razz
shows that Spec. attic:tee isolated mere political ancerne than
any other of the IfajOIC themes; Medicine articles included sane

social and economic ooncerns. When the data in Table VIZI am
compared with the data is Table TIrti it is noted that Space artio
elms include almost three items of political concern per article
and this is almost three tines more than is toad in any of the
other major themes.

When the number of items of social common per article is
exasinni it is found that articles matte tie thew Medicine are
the source of .one item per article, Automation.Cybernetica two

per article, Space and Ifuslost Story each one pot artiola and
Scioto* one for waxy two articles.

7. The items of social concsera included automation and ININD

ploysent changes; the increasing docand for tooknioally trained
employees; sociological an psychological offsets of changing

working conditions; soclul effcate of saw chemical and biologicul

agents; scientific and technological developments in case detects,

fig, in medicine and health., and in weather* and tho population
plosion.

The items of social con errs and tbues r

ante are found in Table =4

or



TABU EIX

Topics of Social Concern in Nagesine Articles Classified
According to litajor Themes

Mgt
MUM&

1. Trips to mars at a projected cost of 430,000
per passenger may become reality in the future.

2. The stwrsenie transport will create a sonic
boor problem for *ids public tolerance is not
yet Imam.

The supersonic transport will provide fester
and cheaper transportation.,

113,360.211d,

13$.

1

1

1. Reasearob and its technological offspring used 3
an ever growing *my of technically trained men
and mom.

2. ifsmual work is swiftly disappearing and this
increase Ms already stranded soave four million
hasricans and plunged us into an seployment dilemma.

3. it, aistiava of a high school education will be rem 1
tutted for 94 per cent of the jobs of tomorrow.

4. Anteration in this food earldellill hies enabled all 1
stores, even in remote districts, to offer a
ride 'variety of fresh foods and produce to the
public.

am studies indicate that workers in factories 2
and offices with high noise levels carry a burs
den of resentment an irritation which may lead
to more "social conflicts" at bow* end on the job.

laireadMit
1. Science can contribute to the alleviation of

human misery by finding a method of controlling
the growth of the water hyacinth which serves ow
an ideal Incubator for mosquitoes and which, 'Agin*
wildlife by upsetting tho normal environosaf,:.

2. The development of a tornado Stali131 system would
greatly reduce th toll of deaths and inpries
caused by such stores.



TAiLE NU (continued)

amt.&

139.

An if !Intim, poison against rats would help
to re LIOVII the human misery caused by discuss
transmitted by rats.

14. Gun and chemical warfare can stake 'sir sore
hums' and even "benigor.

5. A Brit Loh physicist warns that eventually vs 1will lam zo limit the earthis population to
avoid catechise the limit to which heat can
be tolerated in s life supperting envixoneent.

MairtigagraEraiii
1. The pot tsibilities for the applicstion of neutron- 1

activat ion 4)asalysis techniques in the field of
Grimm 4etection and drug purity control are sl-
yest entitles.

MBRZONLIMAk

1. Drag add tetion has been recently eprted as an
illness a ed doctors feel it can b. understood and
treated as such.

Scioto*. it *akin such continuous, often dramatics 3
progress i2 understanding and treating sterility
that the word "hopeless" can be all but forgotten
*boo tallith% about barren marriages.

3. Research is the asediead sciences amid in segiseer- 6
ing has OM up with each snootiest new apparatus,
se well MI new drugs, that the comfort and welfstre
of the sick oars been innearsrably improved.

4. Todsryls new methods of diagnoses and treatment 5
have ;resat decreased both the incidence of
disabling Mouses and the death rates within
our populicion.

The possibility is open that span say one day cow
troi heredity and dtrect the future evolution, of
the race,

6. An influential theologian stated - contr
pit:. are "not 1:04vvotly evil."
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TA= XU continued)

Ina
The ompotitivo pressures of society that mks
it difficult for a patient tabooed his doctor;
advice of "noderationP are beccsdng s problem
of eastern*

Dirt)* metro'. prostates to help the poor rise op 1
fror griadiag poverty and despair*

larrgenty asdisal care la the Gaited States today
is elmest aver as use rgenised messy quilt
of sisseilearene bits and pieces that Just don't
fit togothmr*

10 dearices infest ametality rate is ummessarily 1
high. Careess physicimes mod ovcrorieded undey-
staffed hoepitals am part at the problem'

11. dal =seem& in mewed retowdatim ie far
Ahead of asdisal practice and polls aseeptame*

12. It has not yet been proves that aholesterol is a
ohief culprit la heart disease cad the public
should sot be "plaiskeir into unproven special
diets.

S The (=come of the political topics generally Involved

the Federal Goverment wad included federal support of scientific

research and development; the an for pmblie understanding and

roval of major federal programs snob as IIASA; federal regulation

of the dreg and ommunication industries; federal logogram dealing

'nth education, medicine, and population control; and problems of

old age*

The nature of the political les eon icl

*mob of tbe major theme is noted in Table U.



TABLE It

Topics of Political Concern sae *swim Articles
According to %dor Tbenss

Bak

1. May eicuntr0a4 tocluding Russia praised the
United loses for the successful lager flisht.

2. The development of a competitive suparsonic
traneport would gain enormous political pres-
tige for the Pelted States.

MIAlthes indicated epees flight failures by
lettere sled successful flights by umbers.

4. Ihs great outcry over the first Banger tenures
promoted the Mass subcommittee to call for
tighter MBIL control over the Jet Propulsion
Loboratory.

Compose will have to decide *ether develop-
ment of the supersonic transport will be feder-
ally supported alma the development will involve
"hese" masts of taxpayer's noway.

%he supersonic transport project is so large
that it will require federal support and direction.

7. Private airplane imaustries in the past have raw
aimed considerable financial support from the
$overameet for military projects and carat
fiumace, alone. a mamerciat project as large
as the development of the sweruoiie transport.

1. Both government mad meneravant wet solve the
nobles of netvustaral" waumplopeaut caused by
nechaulsrtion and automation.

The 1%4 Contras he voted more money for educa-
tion and retraining thou any other congress in
history.

3. Government and Industry tweet great suns of
nosey in reseleach *doh creates more change and
UM VAC'

3.410

I

01
Ay

1
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Zak.

The Federal Ccumelmaticas Codas iom Las asked
all T.T. an radio stations to review their
practises of using reverberation and emphasis
as treble to heighten the noisy affects of
commercials*

1101101:=NRUL

Emotional apposition to the use of germ and
ehemical warfare hes promoted out government
fronemploitiog the enormous offenolve op
portumities of this typo of uerfarce

2. The Federal Aviation Agency is conducting testa
on male boon with the hope of having firm and
emplacing enemata agatmst the over increasing
maplaints of pevate citisens.

3e Feuer methods of warfare can be developed only
With namootia federal expenditores of money for
scientific research and development&

MITT
Nona

AINIMMUSIMM

teeters are urging that drug addicts used inedics1 2
came not Jail sentences.

2. 7be lengthened life span and its effect upon the 2
umber of citisem reaching old age has forctd
the government to masider offering financial
support or nursing facilities to senior citisens.

142.

1

Avery city and munty needs at least one good
hcepltal emergency deparreent, am oresmised system
of emergemay care, aM the benefits of a statewide
ambulamce limmelms law covering both ambulance
equipment and the training of ambulance creme

Polies egemieso espocially the Flderel is of
lierootisso hem threatened aM Inlaid/Aged doctors
preventing them from supporting clinical research
with drug addicts.

The Pure food aM Drug Act has restrained doctors
ft casting research into drug addiction.
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Possible future amusements& regulation of
potent eights threatens to 'deter drug cow
ponies from performing adequate research work*

9 Topics of *anomie some= gush es the high cost of rot

search and development the economic importance of retraining

mockers as anew jobs appear, the relationship of profit to romearch,

th: !swings that cities°s derive from new scientific and brohnologio

cal developwats, and the cost of and savings from new developments

are listed in Table 30M*

I

Topics of Economic Concert in Negesine Article6
Classified Acoordin to Major Themes

Ista

IngittgagaR

1. The United States must build a competitive super*
smote transport or lore the world market In
transport airplanes*

2. Ths six:Ranger failures come 260 villiom dollars; 1
an amount that no private ladustry could &moth*

ANISMAIMMUNIELINANBEISOL

Labor unions, research laboratories, and Iola's'.
tries are vatting aside gooey for the advanced
training of personnel*

Technological developments of new wary sources
are pertly to blame for the losses Incurred by
the coal industry efl-se the second WOrld War.

TO moot zompetition the cool industry Is mecheni, 1
ing and automating.

Noce man-houre of product Lon 'plus breakthroughs
in science and technology have more than quad-
ruplet out productive output vithin a wilt-century



TAUS XXX (continued)

Utts
Wary spent on research and development has
multiplied 35' fold since 1941*

iftaufacturers are spending millions of dol-
lars searching out means of reducing noise
levels in mork areas.

ikaitaPanaga

1. The devolopment of a deep sea research craft
anor hold interesting possibilities for ship
salvaging operations and deep see oil 4.11.
ling and mining operations.

Scientists are engaged is finding economical
mays of elimiseting or cIntrolling the eastruc-
ttve growth of the hyacinth, avatar plant,
that was introduced to this *ountry from a form
deign area.

3* Scientists are locking to develop an advance
tamed° merning system that will unable eat-
.1.v.A.ties to prepare for the storm and reduce
damage caused by it.

The risk in transporting food stuffs over long
distances has been decreased through the use of
nitrogen refrigerants*

The development of a nem rat poison pralisas to
provide an inexpensive answer to the economic
burden of crop losses due to rat infestation.
The price tag for the completed Verramem-liarrows
bridge $4 a staggering 323 million dollars.

glanklattra
soft

If proper aeegLeal treatment were sled. *vs
to drug icts hundreds of millions of dollars
Imetwd in crime and asuggling could be saved each
ysar4

Sari detection and prevention of crippling
straws could reduce the number of flies
that are heavily dependent on the state*

144,e,

1



TABLE XXI (continued)

bionic

145.

The best of :medical care is now available for it 2groat aejority of the people regardless of their
economic situation.

A proper oral 44uttemtptivo program could awe
taxpayers hundreds of thousands of dollars by
reducing the burden of welfArs programs.

Whenever inprovesseut In medical facilities is
suggested the shortage of gamey as well as sum-
power is confronted.

1

The research costs of experimentSeg Thigh and 1tasting new drugs axe high.

7. Carly reports of a possible 74nk between 1
cholesterol and heart disease spurred the
*Imitating of sway special food products by
enterprising businessmen.

ziateugiu 6, issasino Study

To Aratiernine the knowledge in an of science prerequisite to
the reading of the selected erticles.
Method of

The asthod Nf analysis was the sans as that seplcryed for the

newspapers. See pages 61 and 62.

NOWA

J'ZXXII

Number of Articles in Magnin.* mitt Rnowledg
in and of Science Prerequisites

Auttton» Nuns
ipso* C bsraitics Seience /nem

Wasbar of aicies
/ultimo

prirequisi
krkwiedge 2
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Comparing the data from Uhl* XXII with those from Table X

It is noted that 58 or 63 par cent of the 92 articles had some pre-.

requisite knowledge. This includes six of ten or 60 per cent of

the Specs articles; one of four or 25 per cent of the Automation,.

Cybernetics article*, 15 of 23 or 65 per cent of the Science Bra*

CUs, ell of the Nuclear Energy articles and 34 of 53 or 64 per
cent of the articles tith the theme Medicine.



T
A

M
E

 n
ut

14
7.

I
t
e
m
s
 
i
n
 
a
n
d
 
o
f
 
S
c
i
e
n
c
e
,
 
P
r
e
r
e
q
u
i
s
i
t
e
 
t
o
 
t
h
e
 
R
e
a
d
i
n
g
o
f
 
t
h
e
 
S
e
l
e
c
t
e
d
 
M
o
i
g
a
m
i
n
e
 
A
r
t
i
c
l
e
s

a
n
d
 
T
h
e
i
r
 
F
r
e
q
u
e
n
c
y
 
o
f
 
A
p
p
e
a
r
a
n
c
e
 
C
l
a
s
s
i
f
i
e
d
'
A
c
c
o
r
d
i
n
g

to
 th

e 
M

aj
or

T
h
e
m
e
 
o
f
 
t
h
e
 
A
r
t
i
c
l
e
 
a
n
d
 
A
c
a
d
e
a
l
c
.
D
i
s
c
i
p
l
i
n
e

p
r
a
u
g
l
e
l
t
e
 
K
n
o
w
l
e
d
g
e
'

am
m

ai
ra

m
om

sl
ow

av
re

w
iri

sm
oi

lm

I
.

A
N

T
H

R
O

P
O

LO
G

Y
-
 
n
o
n
e

IM
, A

S
T

R
O

N
O

M
Y

1.
 A

m
ig

ni
s 

*m
aj

or
s
y
s
t
e
m
 
c
o
n
s
i
s
t
i
n
g
 
o
f
 
s
t
a
r
s
,
 
n
e
b
u
l
a
e

p
l
a
n
e
t
s
,
 
a
n
d
 
i
n
t
e
r
s
t
e
l
l
a
r
 
d
u
s
t
.

2
.
 
T
h
e
 
E
l
e
a
 
o
f
 
p
l
a
n
e
t
s
 
a
n
d
 
t
h
e

t
r
a
j
e
c
t
o
r
i
e
s
 
o
f
 
s
p
a
c
e

cr
af

t a
re

 n
ot

 e
rr

at
ic

 b
ut

ca
n 

no
rm

al
ly

 b
e 

pr
ed

ic
te

d
th

ro
ug

h 
kn

ow
n

l
a
w
s

of
 m

ec
ha

ni
cs

.
1

3
.

T
he

e
u
t
h
'
s
 
a
t
m
o
s
p
h
e
r
e
o
r
 
s
u
r
r
o
u
n
d
i
n
g
 
e
n
v
e
l
o
p
e
 
o
f

a
i
r

in
te

ef
er

es
 w

ith
s
c

i
s

vi
ew

in
g

o
f
 
o
b
j
e
c
t
s

i
n
 
s
p
a
c
e

by
 r

ef
ra

ct
in

g 
an

d 
or

 r
ef

le
ct

in
g 

lig
ht

w
av

es
.

1

ar
sa

m
m

ilo
w

es
om

po
is

lim
ilm

at
ilm

m
iu

m
el

lin
w

ila
m

ir'

b
l
i
o
r
e
s

A
u
t
o
m
a
t
i
o
n

N
u
c
l
e
a
r

a
c
e

b
e
r
n
e
t
i
c
s

S
c
i
e
n
c
e
 
a
m

M
e
d
i
c
i
n
e

4
.
 
T
h
e
 
u
n
i
v
e
r
s
e
 
i
s
 
t
h
e
 
t
o
t
a
l
i
t
y
 
o
f
 
t
h
e
o
b
s
e
r
v
e
d
 
a
n
d

p
o
s
t
u
l
a
t
e
d

ce
le

st
ia

l u
ov

ld
s

e
.
g
.
,
 
p
l
a
n
e
t
s
,
 
s
t
a
r
s
,

in
te

rs
te

lla
r 

du
st

,
e
t
c
.
.

S
u
b
 
T
o
t
a
l

III
.

B
IO

LO
G

Y

A
. M

or
ph

ol
og

y 
an

d 
A

na
to

m
y

1.
 A

n 
ar

te
ry

 is
 a

 v
es

se
l c

ar
ry

in
g 

bl
oo

d 
fr

om
 th

e
he

ar
t t

o 
ot

he
r 

pa
rt

s 
of

 th
o 

bo
dy

.
11

01
1M

.,

2
2

A
.A

po
op

ro
pr

om
m

or
m

I
D
e
f
i
n
i
t
l
e
m
r
o
r
e
s
p
l
e
m
e
t
i
o
n
 
l
i
m
i
t
e
d
.
t
o
 
t
h
a
t
 
s
p
e
c
i
f
l
i
a
l
l
y
 
r
e
q
u
i
r
e
d

in
 c

on
te

xt
o
f
 
t
h
e
 
a
r
t
i
c
l
e
 
o
r
 
a
r
t
i
c
l
e
s
.

2



T
A

IL
S 

M
il

(C
on

tin
ue

d)

Pr
er

ez
ui

si
te

 K
no

w
le

d*
e

2.
 T

he
 c

rv
ic

al
, c

an
al

 is
a 

pa
rt

 o
f 

th
e 

fe
m

al
e 

ge
ni

ta
l

tr
ac

t t
ha

t l
ea

ds
 to

 th
e

ar
ea

 w
he

re
 f

er
til

iz
at

io
n

of
t
h
e
 
e
g
g
 
t
a
k
e
s

pl
ac

e.
3.

 T
he

w
af

t i
s 

th
e 

tr
an

sp
ar

en
t o

ut
er

 c
ov

er
in

g 
of

th
e

ay
e 

lo
ca

te
d 

in
 f

ro
nt

 o
f 

th
e 

pu
pi

l o
r 

ir
is

.
4.

 7
al

lo
ol

an
 tu

be
s

ar
e 

du
ct

s 
th

ro
ug

h 
w

hi
ch

ri
pe

 o
va

pa
ss

 to
 th

e 
ut

er
us

.

S.
 H

ai
r 

fa
lli

du
ar

e 
th

e 
ha

ir
 g

ro
w

th
 c

el
ls

.

6.
 T

he
 li

ca
s 

is
 th

e 
vo

ic
e.

bo
x.

7.
 le

a 
no

de
s 

ar
e

pa
ol

ul
ts

 o
f 

tis
su

e 
w

hi
ch

 f
ilt

er
th

e 
liq

ui
d

pa
rt

 o
f 

th
e 

bl
oo

d.
8.

 B
on

e
um

 is
 th

e 
so

ft
 ti

ss
ue

 in
 th

e 
ce

nt
ra

l
ca

vi
ty

 o
f 

a 
bo

ne
; i

t
m

ay
 p

ro
du

ce
 r

ed
 b

lo
od

 c
el

ls
.

9.
 T

he
 o

va
ri

es
, a

re
 th

e 
eg

g 
pr

od
uc

in
g

or
ga

ns
 o

f 
th

e
fi

es
al

e

10
0 

T
he

 *
*b

ri
e 

op
en

in
g 

is
&

ba
si

n.
..l

ik
e 

ca
vi

ty
 f

or
m

ed
by

 th
e 

pe
lv

ic
 b

on
e 

st
ru

ct
ur

e.

11
. T

he
 p

la
ce

is
 th

e
sp

on
gy

 ti
ss

ue
 th

at
 f

or
m

s 
on

th
e 

w
el

l o
f 

th
e 

ut
er

us
 a

nd
fu

nc
tio

ns
 a

s 
a 

te
rm

in
al

fo
r 

th
e 

ez
ch

an
ge

 o
f 

m
at

er
ia

ls
be

tw
ee

n 
m

ot
he

r 
an

d
fe

tu
s.

12
. T

he
Pr

os
ta

te
, g

la
nd

 is
 a

 s
al

e 
gl

an
d 

su
rr

lu
nd

in
g 

th
e

fi
rs

t p
er

t o
f 

th
e 

ur
et

hr
a.

14
8.

M
a

oz
...

L
L

lje
th

A
ut

om
at

io
n.

N
uc

le
ar

a
c
e

b
e
r
n
e
t
$
p
s

S
c
i
e
n
c
e

E
a
e
r

M
e
d
i
c
i
n
e

1 I



41
11

11
11

11
11

11
11

11
11

11
11

11
1k

Z
in

tn
ia

t,t
,M

be
lla

ja
t

T
A

U
S 

X
X

II
I

(C
on

tin
ue

d)

13
. T

he
 a

ts
i.n

gi
 is

 th
e 

la
ye

r 
of

tis
su

e 
in

si
de

 th
e 

ey
eb

al
l

th
at

 c
on

to
in

s 
th

e 
lig

ht
 s

en
si

tiv
e

or
ga

ne
lle

s 
of

 th
e

ey
e.

14
. N

as
al

 s
im

ia
n

ar
e 

na
tu

ra
l c

av
iti

es
 f

ou
nd

 in
 th

e 
sk

ul
l

st
ru

ct
ur

e.

15
.

...
42

.,1
L

aa
...

d 
'b

ro
nc

hi
al

 tu
be

t
ar

e 
th

e 
pa

ss
ag

ew
ay

s
th

ro
ug

h 
w

hi
ch

 a
ir

 tr
av

el
s 

fr
om

 th
e

m
ou

th
 o

r 
no

se
in

to
 th

e 
lu

ng
e.

16
. T

he
 u

m
bi

lic
al

 c
or

d 
Is

 th
e

lif
e 

lin
e 

th
at

 jo
in

s
th

e 
pl

ac
en

ta
 to

 th
e 

ba
by

 a
nd

th
ro

ug
h 

w
hi

ch
 b

lz
4o

d,
nu

tr
ie

nt
s,

 o
xy

ge
n,

 a
nd

 w
as

te
 p

ro
du

ct
s

fl
ow

.

17
. T

he
 it

ta
u.

s 
is

 th
e

or
ga

n 
of

 L
am

le
 a

ss
ra

ls
 in

 w
hi

ch
th

e 
ov

um
 is

 d
ep

os
ite

d 
an

d
in

 w
hi

ch
 th

e 
em

br
yo

 a
nd

fe
tu

s 
ar

e 
de

ve
lo

pe
d 

an
d 

pr
ot

ec
te

d.

18
0 

T
he

is
 a

 c
om

m
on

 n
am

e 
fo

r 
th

e
ut

er
us

.
Su

b 
T

ot
al

B
o

Ph
ys

io
lo

gy

1.
 f

in
e 

ac
id

s
ar

e 
ch

em
ic

al
 s

ub
st

an
ce

s 
fr

om
 w

hi
ch

th
e 

bo
dy

 d
ev

el
op

s 
m

at
er

ia
ls

 n
ee

de
d

fo
r 

pr
op

er
gr

ow
th

 s
ai

d 
de

ve
lo

pm
en

t.

V
O

W

14
9.

M
i
t
i
m
A
w
i
t

A
ut

om
at

Io
nm

N
uc

le
ar

S 
ac

e
be

rn
et

ic
s

Sc
ie

nc
e

Su
e

na
di

ci
ne

2.
 A

w
.V

.L
.ti

n 
st

er
oi

ds
ar

e 
ho

rm
on

es
 th

at
 e

ff
ec

t o
vu

la
tio

n.

3.
 A

ir
ci

bz
ill

es
, a

re
 c

he
m

ic
al

 s
ub

st
an

ce
s

pr
od

uc
ed

 b
y 

th
e

bo
dy

 to
 f

ig
ht

 I
nf

ec
tio

n.

5 1

I

1$ 3



In
ou

 le
dn

T
A

3L
C

 X
X

II
I

(C
on

tin
ue

d)

4.
 T

he
 a

ut
om

at
s,

tle
,v

ou
s 

sy
st

ol
e 

co
nt

ro
ls

 c
er

ta
in

 b
od

y
fu

nc
tio

ns
 a

nd
 r

ea
ct

io
ns

 a
ut

om
at

ic
al

ly
w

ith
ou

t t
he

pe
rs

on
 b

ei
ng

 m
ar

s 
of

 th
e 

ac
tiv

iti
es

t

S.
 lu

g 
bo

dy
 te

m
pe

ra
tu

re
re

fa
ts

 to
 th

e 
ba

si
c

ov
fu

nd
am

en
ta

l t
em

pe
ra

tu
re

 o
f

th
e 

bo
dy

.

6.
 T

he
 te

rm
 b

io
ch

em
ic

al
 r

ef
er

s
to

 th
e 

ch
em

ic
al

 p
ro

-
ce

ss
es

 th
at

 ta
ke

 p
la

ce
 w

ith
in

a.
 li

vi
ng

 o
rg

an
is

m
.

7.
 C

hp
 le

st
ff

ol
 is

a 
fa

tty
 s

ub
st

an
ce

 o
ft

en
 d

ep
os

ite
d

ia
 b

lo
od

 v
es

se
ls

.

8.
 C

er
tii

n 
ch

ed
.e

nt
s 

fo
un

d
in

 th
e 

bl
oo

d 
st

in
ul

at
e 

th
e

bl
oo

d 
to

 c
co

al
tu

ltf
tt 

at
 m

ou
nd

s.
In

 th
e 

ab
se

nc
e 

of
th

es
e 

ch
sm

ic
al

s 
th

e 
bl

oo
d 

w
ill

no
t c

lo
t.

9.
 C

or
tis

on
e 

is
an

 a
dr

en
al

fs
gl

on
d 

ho
rm

on
e.

10
. A

ss
am

 a
re

 c
he

m
ic

al
s

pr
od

uc
ed

 b
y 

th
e 

bo
dy

 a
nd

re
gu

la
te

 b
od

y 
fu

nc
tio

ns
.

II
. A

 k
if

f 
ra

pp
or

t
m

ite
s 

co
ns

is
ts

 o
f 

de
vi

ce
s 

w
hi

ch
si

m
ul

at
e 

th
e 

en
vi

ro
nm

en
t o

f 
ea

rt
hs

m
ai

nt
ai

ns
 p

ro
pe

r
ts

eg
os

ra
tu

rs
 a

nd
 p

re
ss

ur
e,

 s
up

pl
ie

s 
th

e
co

rr
ec

t p
ro

*,
po

rt
io

n 
of

 o
xy

ge
n,

 a
nd

 e
ff

ec
tiv

el
y

di
sp

os
es

 o
f 

w
as

te
id

at
er

ia
l.

U
. M

um
 is

 th
e 

pe
ri

od
in

 a
 s

ke
ta

ni
ts

 li
fe

 w
he

n 
lu

x
re

pr
od

uc
tiv

e 
or

ga
n*

 c
ea

se
 to

 p
ro

du
ce

eg
gs

* 
an

d
m

en
st

ra
ut

io
n 

st
op

s.

Is
 th

e 
di

sc
ha

rg
e 

at
 m

or
e 

or
 le

ss
 r

eg
ul

iz
te

rT
ho

a 
bl

oo
dy

 f
lu

id
 f

ro
m

 th
e 

va
gi

na
.

15
0.

M
aj

or
 2

11
m

,
A

ut
om

at
io

n.
.

N
uc

le
ar

Sp
ac

e 
C

yb
er

ne
tic

s
Sc

ie
nc

e
2n

er
gy

M
ed

ic
in

e

1 I 5 4



jy
am

st
dr

iS
aw

;.n
le

d

M
U
 
U
1
I
l
 
(
C
o
n
t
i
n
u
e
d
)

!
C
a
t
a
b
o
l
i
s
m
 
i
s
 
t
h
e
 
p
r
o
c
e
s
s
 
t
h
r
o
u
b
*
 
w
h
i
c
h
 
t
h
e
 
b
o
d
y

u
s
e
s
 
f
o
o
d
 
f
o
r
 
e
n
e
r
s
y
 
a
n
d
 
g
r
o
w
t
h
s

1
5
.
 
f
t
w
a
p
a
c
t
i
v
i
t
y
 
r
e
f
e
r
s
 
t
o
 
t
h
e
 
s
e
t
t
=
 
w
i
t
h
i
n
o
r

b
e
t
w
e
e
n
 
n
e
r
v
e
 
c
e
l
l
s
.

1
6
.
 
T
h
e
 
u
n
t
y
p
i
c
a
l
 
v
a
l
u
e
 
o
f
 
v
a
r
i
o
u
s
 
f
o
o
d
s
 
r
e
f
e
r
s
 
t
o

t
h
e
 
a
m
o
u
n
t
 
o
f
 
c
h
e
m
i
c
a
l
 
s
u
b
s
t
a
n
c
e
s
 
a
n
d
 
v
i
t
a
m
i
n
s

t
h
a
t
 
f
o
o
d
 
s
u
p
p
l
i
e
s
 
t
o
 
t
h
e
 
p
e
r
s
o
n
 
s
a
t
i
n
s
 
t
h
e
 
f
o
o
d
.

1
7
,
 
p
v
u
l
a
t
g
i
o
n
 
i
s
 
t
h
e
 
r
e
l
e
a
s
e
 
f
r
o
m
 
t
h
e
o
v
a
r
y
 
o
f
 
a
 
s
t
u
r
e

e
g
g
 
r
e
a
d
y
 
t
o
 
b
e
 
f
e
r
t
i
l
i
s
e
d
.

P
h
o
t
o
s
y
n
t
h
e
t
i
c
 
V
i
g
r
a
%
 
a
r
e
 
a
l
g
a
e
 
t
h
a
t

c
p
t
o
v
i
d
e

n
o
r
*
 
f
o
o
d
 
p
e
r
 
v
o
l
u
m
e
 
t
h
a
n
 
o
t
h
e
r
 
f
o
r

o
f
 
h
i
s
h
e
r

1
9
.
 
l
l
g
u
a
l
u
g
u
i
s
 
a
 
f
e
m
a
l
e
 
h
o
r
m
o
n
e
.

2
0
.
 
f
t
o
t
e
i
n
s
 
a
n
d
 
c
a
r
b
o
h
y
d
r
a
t
e
s
a
r
e
 
c
h
e
n
i
c
a
l
 
m
a
t
e
r
i
a
l
s

p
r
o
t
e
s
t
 
i
s
 
f
o
n
d
s
 
m
e
c
e
a
s
a
r
y
 
f
o
r
 
p
r
o
p
e
r
 
b
o
d
y
 
f
o
r
m
e

2
1
.
 
1
1
2
1
s
l
a
s
s
a
i
 
i
s
 
t
h
e
 
t
e
r
n
 
a
p
p
l
i
e
d
 
t
o
 
t
h
e
 
l
i
v
i
m
s
p
a
r
t

o
f
 
a
 
c
e
l
l
.

2
2
.
 
T
h
e
 
b
o
o
t
l
e
s
s
 
o
f
 
t
h
e
 
b
o
d
y

a
c
e

b
Y
 
*

d
e
l
i
c
a
t
e
l
y
 
b
a
l
a
n
c
e
d
 
p
r
o
d
e
c
t
i
o
n

c
h
e
m
i
c
a
l
s
 
w
h
i
c
h

a
f
f
e
c
t
 
t
h
e
 
p
r
o
c
e
o
s
e
s
 
t
h
a
t
o
c
c
u
r
 
w
i
t
h
i
n
 
s
e
c
h
 
c
e
l
l
.

2
f
n
e
o
i
r
a
t
i
o
m
 
i
s
 
a
 
t
e
r
n
 
s
i
v
a
°
,
 
t
o
 
t
h
e
 
b
r
e
a
t
h
i
n
g
p
r
o
c
e
s
s
.

2
4
.
 
T
h
e
 
l
l
a
m
a
 
g
l
a
n
d
 
r
a
r
s
l
a
t
e
s
 
b
o
d
y
 
m
e
t
a
b
o
l
i
s
m
.

M
al

sa
ib

le
a

A
u
t
e
m
e
t
i
o
n
.

/
M
c
 
l
a
a
r

t
i
c

1

5 1 2 1



m
ut

 m
u.

 (
co

ut
is

s
11

11
11

11
11

11
11

1M
M

I1
11

11
11

11
11

01
11

1=
r

15
2.

25
, T

he
 c

he
m

ic
al

 @
tr

ea
te

rs
 a

nd
C

al
f,

of
 la

m
a

is
 s

ta
tia

x 
to

 th
e 

ch
em

ic
al

st
ru

ct
ur

e 
an

d 
co

m
po

si
tio

n
of

 th
at

 p
ar

t o
f 

a 
ce

ll 
th

at
ir

eg
ul

at
ss

 th
e 

fe
nt

of
 th

e
t
e
l
l
.

su
b 

T
ot

al

C
.

D
is

ea
se

 s
ad

 D
is

or
de

rs

1.
 M

us
a 

JA
I=

 r
ef

er
s 

to
 th

e 
ad

re
na

l
gl

an
ds

fe
ilm

e 
to

 p
ro

du
ce

 a
 c

he
m

d.
ca

l b
or

so
ne

e

ba
g&

 is
 a

 w
im

ih
ie

s 
is

 m
id

&
 th

e 
bl

oo
d 

do
es

so
t c

os
ta

te
 o

uf
fi

ci
an

t r
ed

 b
lo

od
se

lls
*

3.
 ja

m
m

ai
nk

at
si

a 
is

an
 in

fl
am

m
at

io
n 

of
 th

e 
jo

4.
 D

en
ie

s 
le

n 
pe

ri
od

s 
of

in
se

tiv
ity

 a
m

ee
lo

e 
an

d
un

do
es

 o
ft

en
sh

or
ts

&
 in

 le
ng

th
' d

ec
re

as
e

in
 ii

rs
ta

to
r,

w
ak

es
.

5.
 I

sl
a 

re
fe

rs
 to

 a
 g

ro
w

th
 th

at
 is

no
t n

el
ig

ns
at

(c
aa

ce
re

ue
).

6.
 S

tim
W

si
m

ah
um

as
na

ca
nc

er
, W

ad
s&

°

7.
 C

er
eb

ra
l

pa
ls

y 
is

fo
am

 o
f 

ne
rv

e
pa

ra
ly

si
s 

or
de

ge
ne

ra
tio

n.

;lo
ft

 li
st

 a
nd

 p
al

at
e 

is
 a

 c
ea

di
tio

a 
of

 a
bs

on
ea

l
de

ve
lo

pm
en

t i
n 

la
tc

h 
th

e 
ro

of
 o

f 
th

e 
m

m
em

th
 a

nd
/o

r
up

pe
r 

lip
 d

o 
no

t I
ne

s 
to

ve
tb

or
 p

ro
pe

rl
y

,ta
i *

da
is

y,
 a

re
 h

er
ed

ita
ry

 b
od

y 
st

ru
tte

rs

ah
ri

.2
11

11
1

A
nt

om
m

tio
ns

e
ili

sc
le

i

2 2 1 2



T
A

 B
LI

 X
X

III
(C

on
tin

ue
d)

lu
st

el
til

ia
sa

tis
in

41
+

I 
M

 M
N

o
11

1
IN

I M
tI

 I
N

M
I 

II
 I
In

W
M

 I
I 

I 
I 

I 
I

11
11

1 M
IN

IM
IM

M
O

I 
I 

W
I 

I 
el

 I
 I

 I
 I

I 
I 

1 
N

M
 1

11
1 

I 
I

r

10
. .

fa
zg

ra
lig

ia
 a

re
 s

po
ra

di
c,

 u
nc

on
tr

ol
la

bl
e 

co
nt

ra
ct

io
ss

of
 n

as
el

e.

11
es

sx
ib

ie
ig

ili
, r

ef
er

s 
to

 th
e 

cl
os

ur
e 

of
 s

ar
te

ry
.

1 
2 

W
I:

d
ab

le
*

ap
po

ar
an

ca
 o

f a
ki

n 
is

 u
su

al
ly

 d
es

 to
in

se
ffi

ci
as

t o
ns

an
 is

 th
e 

bl
oo

d.

ftw
as

n 
cy

st
&

 a
re

 b
ar

d 
fib

ro
us

 m
os

se
s 

of
 ti

es
:*

 fo
ol

ed
in

 th
e 

ov
ar

y.

14
 D

IA
N

A
,. 

re
fe

rs
 to

 th
e 

iti
ni

ke
z 

in
 *

ki
ck

 th
e

pa
tie

nt
do

es
 n

ot
 p

ra
is

es
11

41
41

14
/1

1,
11

 1
11

11
01

11
11

4.
3

of
 in

su
lin

.

15
. i

tta
gs

lia
ta

tis
i i

n 
sp

ac
e 

cl
us

si
st

s 
of

 a
 la

ck
 o

f
re

fe
re

nc
e 

po
in

ts
 o

re
ni

fe
st

io
g 

it.
se

lt!
 is

 th
e 

ab
oa

nc
e

of
 th

e 
fe

el
in

g 
of

 v
si

gh
t, 

no
ve

na
nt

 a
nd

 d
ire

ct
io

n.

16
. S

im
m

s,
 r

ef
er

s 
to

 th
e 

de
at

h 
of

 b
od

y 
tis

su
e

us
ua

lly
so

us
ed

 b
y 

la
ce

 r
fo

re
nc

e 
w

ith
 th

e 
lo

ca
l n

et
rit

io
s.

17
.

d
ca

n 
be

 c
au

se
d 

by
ex

ce
ss

iv
e 

se
s 

is
 th

i s
te

no
* 

an
t l

at
es

tin
ob

18
.

lig
au

lm
ei

 r
ef

er
s 

to
 a

sy
 d

i,
=

e 
of

 b
lo

od
fr

om
 a

 b
lo

od
 v

es
se

l.

1
ja

ili
eL

LL
w

th
A

lm
a 

re
fe

rs
 to

 th
e 

in
be

le
as

ce
 o

f
re

S
ul

at
or

y 
bo

dy
 c

ho
ui

ca
ls

.

20
0

H
vp

er
te

no
o4

 is
 b

le
b 

bl
oo

d 
pr

oo
su

re
e

15
3.

m
oo

! f
ie

A
nt

am
at

io
s

N
ee

l.=
M

ic
ha

s

2 2 2



L
eu

id
aS

sl
is

ei
tla

M
IA

(C
on

tin
ue

d)
.1

11
11

01
11

11
10

.1
11

11
11

11
01

14
11

11
11

1.

1U
.

21
, A

pe
nb

.ti
ar

a 
pe

ri
ou

 r
ef

er
s
t
o
 
t
h
e

tim
e 

du
ri

ng
 w

hi
ch

 a
vi

ru
s

i
s

pe
ns

iv
e 

am
d 

pr
io

r
t
o
 
i
t
s

pe
ri

od
 o

f 
ac

tiv
ity

is
 W

hi
ch

i
t

pr
od

uc
es

 th
e 

di
em

's
* 

ca
us

in
g 

to
xi

ns
(c

he
m

ic
al

s)
.

ys
ria

g
lir

aC
tia

h,
re

fe
rs

 to
 I

nf
ec

tio
n 

oc
cu

rr
in

g

23
.

nv
ita

id
ai

lle
L

re
fe

rs
t
o
 
t
h
e

in
fl

am
m

at
io

n 
ca

us
ed

by
 th

e 
en

tr
y 

of
 y

ea
st

t
o
l
l
s
 
(
p
l
a
n
t
s
)
 
i
n
t
o
 
t
h
e
 
b
o
d
y

w
oo

lly
 th

re
m

gh
 a

m
 o

pe
n 

m
oo

ed
,

2
4
.

bl
ow

 is
 th

e 
in

ab
ili

ty
t
o
 
s
l
e
e
p
.

23
 im

m
am

is
 a

 y
el

lo
w

 d
is

co
lo

ra
tio

n 
of

 th
e 

sk
im

 m
od

oy
es

 d
ue

t
o

th
e 

la
ck

 o
f 

m
or

se
l l

iv
er

b
i
l
e
 
f
l
o
e
.

X
. A

 W
aa

l=
 is

 a
 c

os
m

os
@

 g
ro

w
th

.

27
. N

og
re

fe
rs

 to
 th

e 
te

nd
en

cy
 to

 e
nj

oy
 p

ai
n.

21
4 

jim
ili

gj
ak

 le
 a

n 
la

tio
nm

et
io

n 
of

 th
e 

em
br

as
es

am
or

is
t t

he
 b

ra
in

 a
nd

 s
pi

ar
l c

or
d.

29
. l

es
si

al
ls

g 
di

L
es

ed
er

s 
ar

e 
di

so
rd

er
s 

of
 th

e
w

av
es

*
sy

st
em

.

30
. i

m
am

 a
re

 e
m

ot
io

na
l d

is
tu

rh
er

ze
s.

31
. "

M
al

ty
 is

 th
e 

co
nd

iti
on

 o
f 

W
ag

 :v
er

33
. 2

pl
ys

za
lta

 is
 V

I 
in

fe
ct

io
n 

of
 a

 b
os

s.
33

.
la

rr
er

eg
eo

eg
as

io
ns

th
at

 li
ve

 o
n 

or
 w

ith
in

 a

A
ut

om
at

io
n

'b
el

ow

1 1 2



O
M

R
 X

X
II

I
(C

on
tin

ue
d)

15
5,

W
ild

ei
la

ir
iz

ie
sE

is
du

vi
ro

lik
os

m
ou

sr
am

om
m

eo
pi

m
m

lf
 a

w
ss

io
re

er
so

rm
or

aw
or

re
as

si
o

bi
bm

L
t i

s 
a 

re
sp

ir
at

or
y 

M
au

s*
 th

at
 c

au
se

s
fl

ui
ds

t
o
 
s
e
e
p
 
i
n
t
o
 
t
h
e
 
l
o
f
t
s
 
t
h
u
s
 
a
s
k
i
n
g

br
ea

th
in

g 
di

ff
ic

ul
t.

ba
ld

w
it 

is
 a

 n
or

co
nt

ag
io

ns
 c

hr
on

ic
 s

ki
n 

di
se

as
e.

36
 p

ry
ch

oe
is

 is
 a

n 
ac

tr
es

s 
m

et
al

 d
is

or
de

r.

37
. i

ta
sk

tn
ig

ga
 d

is
or

de
rs

 a
re

 d
is

tu
rb

an
ce

s 
of

 th
e 

w
in

d
nu

tif
es

te
d 

iA
 th

e 
bo

dy
.

38
, h

ili
ng

sz
jim

a 
re

fe
rs

t
o

se
ep

ag
e 

of
 f

lu
id

 in
to

 th
e

lu
gs

.
39

.
p
c
i
e
l
r
a
t
o
t
v
,
 
i
l
l
n
e
s
s
e
s
 
a
f
f
e
c
t
 
t
h
e
 
l
u
n
g
s
 
a
n
d
/
o
r
 
I
v
r
e
a

t
u
b
e
s
*

40
4 

C
he

m
ic

al
 in

co
w

pa
ta

bi
lit

y 
be

m
oa

n 
a 

ba
by

's
 b

lo
od

 a
nd

m
ot

h.
 e

rl
s 

bl
oo

d
w

ay
 b

e 
du

e 
to

 a
 h

er
ed

ita
ry

 ja
 f

ac
to

r.

41
. R

he
um

at
ic

, h
ea

rt
 d

is
ea

se
 r

ef
er

s 
to

 in
fl

am
m

at
io

n 
of

 th
e

he
ar

t m
us

cl
e 

an
d 

di
st

or
tio

n 
of

 th
e 

va
lv

es
 o

f 
th

e 
hu

rt
.

42
. R

au
 p

eo
pl

e 
,I

re
 s

or
e

to
 d

is
us

es
 b

ec
au

se
of

 th
ei

r 
bo

dy
 n

ek
os

up
. T

h.
y

sa
y 

ha
ve

 w
ea

ke
r 

gr
is

tle
s

of
 a

nt
ib

od
y 

pr
od

uc
tio

n,
 lo

w
 w

hi
ts

 b
lo

od
ce

ll
co

un
ts

,
ea

di
or

 a
 d

ef
ec

tiv
e 

ly
m

ph
sy

st
em

.

Sv
eh

ili
s,

 is
 a

 o
nm

es
ua

ic
ab

le
 v

en
er

ea
l d

is
ea

se
.

44
. n

al
lib

ili
ka

tia
le

t
h
e
 
l
a
f
l
a
r
a
s
t
i
n
o
,
 
o
f
 
a
 
v
e
l
a
 
a
s
s
o
c
i
a
t
e
d

4
5
.
 
a
m
t
a
g
e
d
i
a

fr
eq

ue
nt

ly
a
f
f
e
c
t
 
t
h
e
 
p
e
r
s
o
n
'
s

A
l
l
l
y

W
i
i
i
i
4
7
0
4
1

en
er

gy
 in

 f
oo

d 
fo

r 
ac

tiv
ity

 o
r 

gr
ow

th
.

w
ith

 a
s 

bl
ee

d 
cl

ot
 w

ith
in

 th
e 

ve
in

.

a
d
m
I
h
m
a
i

A
ut

en
at

io
n

N
uc

le
ar

jz
e

B
ur

N
ed

 a
u

2 2 1



15
6.

T
A

IL
S 

V
II

I 
(C

on
tin

ue
d)

na
ss

ak
ili

til
m

al
ita

t
A

ut
om

at
bl

ita
L

2i
n

N
uc

le
ar

N
od

M
il 

is
 a

 c
on

di
tio

n 
ch

ar
ac

te
ri

se
d 

by
 p

oi
so

no
us

to
 I

s 
th

e 
bl

oo
d 

w
ith

 a
 r

es
ul

ta
nt

 il
ln

es
s 

of
th

e 
pa

tiw
A

t

7.
 b

ri
m

 o
rg

an
is

er
 c

an
 b

e
ja

m
ta

ln
os

i f
ro

m
 o

ne
or

ga
ni

sm
 to

 a
no

th
er

, t
hr

ou
gh

 b
lo

od
, s

al
iv

a,
 a

nd
ex

cr
et

or
y 

w
as

te
s.

Pe
rf

or
at

in
g

,
ar

s 
*o

re
s 

on
 th

e 
w

el
ls

 o
f 

th
e

di
ge

st
iv

e 
tr

ac
t t

ha
t h

av
e 

pe
rf

or
at

ed
 th

e 
w

al
l

vo
n 

w
hi

ch
 th

ey
 e

re
 lo

ca
te

d.
Su

b 
T

ot
al

D
ia

gn
os

is
 a

nd
 T

re
at

m
en

t

1.
 to

re
ib

iO
ic

, *
re

 d
ru

gs
 v

is
a 

to
 f

ig
ht

 o
ec

tc
ni

al
iir

ec
tic

a.
2.

 ie
s

ch
em

ic
al

 in
te

rf
er

e 
w

ith
 th

e
ob

ili
til

aa
llt

he
ho

d 
to

 c
lo

t a
t t

he
 a

re
a

su
rr

ou
nd

in
g 

* 
w

ea
st

,

an
is

 a
 c

ha
lic

e'
 th

at
 is

 u
se

d 
to

 r
ed

uc
e

or
 M

al
e

se
et

es
tie

s 
if

 p
ai

n.

4.
 4

ga
tk

ig
lij

im
in

gs
ad

a 
re

fe
rs

to
 th

e 
pr

oc
es

s 
of

Sa
ita

re
pc

in
g 

sp
er

m
 in

to
 a

 f
ea

st
s*

A
s 

as
te

ss
r,

 is
 a

n 
sm

em
in

at
io

n 
of

 th
e 

bo
dy

 a
ft

er
 d

ud
e.

Su
bs

ta
nc

es
 in

 th
e 

th
at

 c
an

 b
e 

ar
ea

l y
se

d 
to

 in
di

ca
te

I

th
e 

pr
es

en
ce

 o
f 

ce
rt

ai
n 

di
se

as
es

 in
pa

rt
s 

of
 th

e 
k

1

2
O

N
U

S
V

al
e

2
61 I 3



1
3
7
,

U
SW

 m
u 

(C
on

tin
ue

d)

J
U
L
I
W
A
1
1
2
1
m
i
l
L
t
h
i
t

A
ut

om
at

io
ns

.
ba

ci
lla

r
IM

M
III

IM
O

H
N

O
N

N
IN

N
M

IN
N

W
IIM

III
M

M
IO

N
N

IM
IIN

IN
N

IM
M

E
IN

O
rit

ie
LS

Z
W

E
B

A
LS

A
IN

IM
IN

K
IL

III
M

IO
N

IM
E

M
E

LO
V

ill
in

ac
ia

llO
O

M
M

.
7*

 A
 a

ur
al

" 
O

.
:'c

ou
 is

 th
e 

re
m

ov
al

 o
f 

th
e 

un
bo

rn
ch

ild
 B

ou
gh

 a
u 

in
ci

si
on

 m
ad

e
in

 th
e 

m
ot

he
r's

 w
om

b.

C
he

m
ita

l I
su

at
U

21
 r

ef
er

s
t
o
 
t
h
e
 
e
f
f
e
c
t
 
o
f

a 
ch

em
if

t
ca

l t
ha

t p
ro

du
ce

s 
st

er
ili

ty
o
f
 
t
h
e
m
e
s
 
r
e
p
r
o
d
u
c
t
i
v
e

gl
an

ds
.

12
1s

1
is

 a
 d

ru
g 

us
ed

 to
 a

t
ri

te
 a

 f
ai

lin
g 

ha
rt

,
10

. A
n 

sk
ar

oc
ar

di
ga

s 
Is

a 
gr

ap
h 

of
 th

e 
2.

1.
1r

tts
 a

ct
io

n
an

d 
is

 c
oe

d 
in

 th
e 

di
ag

no
si

s 
of

he
ar

t d
is

ea
se

.
11

, D
ee

p 
Ir

m
s,

W
L

ca
n 

te
m

po
ra

ri
ly

 s
lo

e 
or

 e
ve

n 
at

op
th

e 
no

rm
al

 c
ha

ng
es

 th
an

co
at

to
as

ty
 ta

ke
 p

la
ce

in
 li

vi
ng

 o
rs

an
iim

s.

12
.1

m
a
n
y
 
c
a
s
e
s

a 
=

aw
l d

on
or

 s
ki

n,
 th

e 
bo

dy
bu

ild
s 

up
 a

 c
he

m
ic

al
 r

ej
ec

tic
at

 o
f

th
e 

gr
af

t.
13

. S
am

oa
t

ag
ue

 c
ul

tu
re

s 
ar

e
s
m
a
l
l
 
m
o
u
n
t
s
 
o
f
 
h
u
m
a
n

c
r
y
 
t
i
s
s
u
e

th
at

 a
re

 k
ep

t a
liv

e 
in

an
 a

rt
if

ic
ia

l
m

ed
iu

m

14
. p

ro
lo

ng
ed

us
e 

of
 a

nt
ib

io
tic

s 
sm

o.
 J

d 
to

 e
ve

nt
ua

l
A

nN
aZ

 a
ga

in
st

t
h
e
 
a
n
t
i
b
i
o
t
i
c
*

A
e
s
i
n
o
m
i
f
e
e
d
i
n
g

co
ns

is
ts

c
t
 
i
n
l
e
c
t
i
n
g

so
lu

tio
n 

in
to

 a
 v

ei
n.

14
. M

et
ab

ol
is

m
 r

at
es

w
e 

m
an

ly
 m

ea
su

re
d 

by
 to

ot
le

s
f
o
r
 
t
h
e
 
r
a
t
e

at
 is

bi
ch

 th
e 

bo
dy

 u
se

s 
ou

ys
en

.

17
* 

A
 ji

m
ag

ag
gi

at
 e

xa
m

in
at

io
n 

is
at

, d
oc

ad
ua

tio
n 

of
th

e 
ne

rv
ou

s 
sy

st
em

*



4
4v

A
ut

om
at

io
n*

a
c
e

b
e
t
 
c

A th
e 

di
te

c
a 

di
se

as
ed

 ti
ss

ue
s.

s
p
e
c
i
a
l
i
z
e
s
 
i
n

th
e 

ex
am

in
at

io
n

19
. A

 p
ro

st
he

si
s 

is
 a

+
, a

rt
ifi

ci
al

 r
ep

la
ce

m
en

t
of

 a
pa

rt
 o

f t
he

 b
od

y.

20
. P

a 
cl

er
a 

a 
is

a 
fo

rm
 o

f t
re

at
m

en
t f

or
 m

en
ta

l
di

st
ur

ba
nc

es
.

21
, T

he
 p

re
se

nc
e 

of
 a

nt
ib

od
ie

s 
in

 th
e

bo
dy

 c
an

 c
re

at
e.

re
si

st
an

ce
 to

 c
er

ta
in

 d
is

ea
se

s.

22
e 

A
 L

ed
at

iv
e 

is
 a

 d
ru

g 
th

at
 is

 u
se

d
to

 c
al

ls
 th

e 
ne

rv
es

an
d 

de
cr

ea
se

 e
xc

ite
m

en
t.

23
, S

ho
ck

 m
an

ife
st

s 
its

el
f b

y
a 

dr
op

 in
 b

lo
od

 p
re

ss
ur

e,
ra

pi
d 

an
d 

w
ea

k 
pu

ls
es

. p
al

e,
 m

oi
st

, c
la

m
m

y
sk

in
,

na
rk

ed
 th

irs
t, 

en
d 

a 
st

at
e 

of
 g

re
at

an
xi

et
y.

2
4
.
 
S
t
e
r
i
l
e
 
n
e
e
d
l
e
s
a
r
e
 
f
r
e
e
 
o
f
 
d
i
s
e
a
s
e
 
c
a
u
s
i
n
g

ba
ct

er
ia

, v
iru

se
s,

 a
nd

 o
th

er
 p

at
ho

ge
ns

.

25
. f

tw
its

t.r
ie

s
ar

e 
fo

rm
s 

of
 m

ed
ic

at
io

n 
pr

ep
ar

ed
fo

r 
iti

es
et

io
n 

in
to

 th
e 

re
ct

um
.

26
. A

 v
ae

ci
na

ti
is

 a
n 

in
je

ct
io

n 
cf

 d
ea

d
or

 w
ea

ke
ne

d
ba

ct
er

ia
 a

nd
 o

r 
vi

ru
se

s 
th

at
 a

tim
ul

at
e 

th
e 

bo
dy

's
pr

od
uc

tio
n 

of
 a

nt
ib

od
ie

s.

1

1 1 .2 1

M
IN

N
IN

IO
N

Ito
11

11
11

10
N

P
IP

S
ub

 T
ot

al
6

25



T
O

L
E

 M
IX

 (
C

on
tin

ue
d)

15
9

Ir
m

in
ki

si
lv

ej
A

u

E
.

G
e
n
e
t
i
c
s

en
 ,t

or
 h

er
ed

ita
ry

 f
ac

to
rs

 r
ef

er
 to

 th
e 

tr
an

s-
m
i
s
s
i
o
n
 
o
f
 
b
o
d
y
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
f
r
o
m
 
p
a
r
e
n
t
s
t
o

of
fs

pr
in

g.

2.
 G

en
et

ic
 m

at
er

ia
l i

s 
th

at
 p

ar
t o

f 
th

e
m

at
er

ia
l i

n-
cl

ud
ed

 in
 p

ro
to

pl
aa

m
t t

ha
t r

eg
ul

at
es

 th
e

pr
oc

es
se

s
th

at
 g

o 
on

 w
ith

in
 th

e 
ce

ll.

3.
or

 r
es

is
ta

nc
e 

re
fe

rs
 to

 th
e

bo
dy

 a
 h

er
ed

ita
ry

 te
nd

en
cy

 to
w

ar
d 

ill
ne

ss
.

4.
 a

er
ed

ity
, i

s 
a 

te
rm

 g
iv

en
to

 th
e 

in
co

pl
et

ay
 u

nd
er

,
st

oo
d 

pr
oc

es
s 

by
 w

hi
ch

 th
e 

ch
ar

ac
te

ri
st

ic
s 

of
an

or
ga

ni
sm

 a
re

 d
et

er
m

in
ed

 a
nd

 tr
an

sm
itt

ed
 f

ro
m

on
e

ge
ne

ra
tio

n 
to

 th
e 

ne
xt

.

5.
 le

br
ag

gs
s 

re
fe

rs
 to

 s
uc

ce
ss

iv
e

br
ea

di
ng

 b
et

w
ee

n
m

em
be

rs
 o

f 
th

e 
sa

m
e 

fa
m

ily
or

 g
en

er
at

io
n,

6.
 T

he
 s

ex
ua

l r
en

ro
du

ct
io

na
 o

f
sp

ec
ie

s 
ha

s 
th

e 
io

ss
ib

le
ad

va
nt

ag
e 

of
 a

w
e 

ra
pi

dl
y 

im
pr

ov
in

g 
th

e
sp

ec
ie

s
th

ro
ug

h 
th

e 
ex

ch
an

ge
 o

f 
ge

ne
tic

 m
at

er
ia

l.

7.
 T

he
 s

ib
m

 c
on

ta
in

s 
ch

em
ic

al
s 

(g
en

et
ic

m
at

er
ia

l)
 th

at
in

fl
ue

nc
e 

th
e 

de
ve

lo
pm

en
t o

f 
he

re
di

ta
ry

ch
ar

ac
te

ri
st

i s
.

1

A
ut

om
at

io
n,

* 1
11

16
1v

 1
11

.2
1

N
uc

le
ar

1

Su
b 

T
ot

al

P.
 T

ax
on

om
y

1.
 b

as
k 

ar
e 

ve
ry

 s
m

al
l o

ne
oc

el
le

d 
pl

an
ts

as
om

e 
of

w
hi

ch
 c

au
se

 d
is

ea
se

.

4

2 3.

11
11

11
11

11
11

11
11

11
01

1

4 2



T
A

B
U

 X
X

II
I

(C
on

tin
ue

d)

ft
ss

us
ia

lta
le

nt
si

st

16
0.

2,
 je

k.
,:l

ep
lig

, a
re

 a
 ty

pe
 o

f 
ba

ct
er

ia
.

Su
b 

T
ot

al

C
Ic

a 
lo

gy
 n

oe
s

D
ev

el
op

m
en

ta
l S

la
w

1.
 L

iv
in

g 
so

k 
pr

od
uc

e 
ne

w
 c

el
ls

 b
y 

di
vi

di
ng

.

2.
ar

e 
ce

lls
 w

hi
ch

 h
av

e 
th

e 
po

te
nt

ia
l, 

w
ho

a
fe

rt
ili

se
d,

 to
 d

ev
el

op
 in

to
 e

am
pl

et
e 

or
ga

ni
sm

.

3.
 T

he
 te

rs
e 

M
ut

 s
ad

 f
et

us
 a

pp
ly

 to
 th

e
da

va
lo

pi
as

ba
by

 d
ur

in
g 

pr
og

re
ss

iv
e 

ph
as

es
 o

f 
its

 g
ro

w
th

.

4,
 .f

ta
gl

ia
t i

s 
a 

te
rn

 w
hi

ch
 n

on
e

pr
eg

na
nc

y.

S.
 G

ro
w

. p
ha

se
 r

ef
er

s 
to

 th
e 

ob
se

rv
ab

le
 o

if
fe

re
nc

es
 o

f
ac

tiv
ity

 d
ur

in
g 

th
e 

gr
ow

th
 o

f 
an

 =
W

ie
n 

or
pa

rt
 o

f
as

 o
rs

aa
ts

a.

6.
 A

n 
A

m
at

ic
al

 h
ar

e,
 r

ef
er

s 
to

an
 a

uv
ir

es
ea

nt
 th

at
 is

co
ad

uc
iv

a 
to

 th
e 

de
vo

lo
pm

ea
t o

f 
lif

e.

7.
ri

ps
 g

en
 S

s 
an

 e
gg

 c
al

l t
ha

t i
s 

ne
te

re
d 

an
d 

re
ad

y
fo

r 
fe

rt
ili

sa
tio

n.

S.
 D

ur
in

g 
th

e 
ea

rl
ie

st
 p

ha
se

s 
of

de
ve

lo
pi

ng
* 

th
e 

fe
tu

s
do

es
 n

ot
po

ss
es

s 
de

di
xi

tte
 m

aj
ks

ita
itj

at
a

9.
 ib

is
ag

gi
n 

sr
th

e 
od

e 
fe

rt
ili

si
v4

 c
al

la
.

Su
b 

T
ot

al

ba
le

r
N

I
A

ut
em

et
io

ns
e

lie
el

es
t

rs
tL

_.
3 1

$1
lI

llr
eI

PI
D

7

2 2 2 7



T
A

B
L

E
 f

lI
I1

(C
on

tin
ue

d)

Z
U

L
U

 d
ai

ra
ik

at
ei

tia

I.
 M

ac
e 

lig
ne

ou
s

1.
 A

 W
ai

t i
s 

a 
un

St
 o

f
*A

G
M

 u
se

d 
is

 m
ea

su
ri

ng
th

e 
ar

e 
en

t o
f 

av
ai

la
bl

e 
he

at
Sa

w
a 

co
nt

ai
ne

d 
in

fo
od

s.

Su
b 

T
ot

al

rt
. c

an
ar

nt
y

16
1.

1.
A

ci
di

ty
,o

r 
al

ka
lin

ity
 r

ef
er

s 
to

 th
e

pr
es

en
ce

 o
f 

ac
id

s
or

 b
as

es
 in

 th
e 

ch
em

ic
al

 m
ak

e-
op

 o
f 

a 
su

bs
ta

nc
e.

2.
ar

e 
ai

ttu
re

s 
of

 n
at

al
 s

ub
st

an
ce

s 
th

e
pr

op
er

tie
s

of
 *

tic
k 

ar
e 

di
ff

er
en

t t
hi

s
an

y 
or

 a
ll 

of
 th

e 
pr

op
er

tie
s

of
 th

e 
co

 B
es

t
su

bs
ta

nc
es

. u
se

d.

3.
 A

is
 a

 c
he

m
ic

al
 s

ub
et

an
ce

 th
at

pr
om

ot
es

 o
r

ye
t

se
m

 k
is

en
ic

al
 m

ic
a*

*.

4.
 ,C

lil
er

in
a 

is
ga

se
ou

s 
el

em
en

t w
hi

ch
, w

he
n 

in
 a

qu
eo

us
so

lu
tio

ns
 s

en
ile

 a
s 

as
 e

ff
ec

tiv
e

ge
rm

 k
ill

er
,

D
A

til
la

tik
et

 is
 th

e 
pr

oc
es

s 
of

 b
oi

lin
g 

a 
liq

ui
d,

tr
ap

pi
ng

th
e 

re
su

lti
ng

ga
s*

 a
nd

 c
on

de
ns

in
g 

th
e 

ga
s 

ba
ck

 to
 a

liq
ui

d.
M

ix
tu

re
s 

of
 li

qu
id

s 
ca

n 
be

se
pa

ra
te

d 
be

ca
us

e
di

ff
er

en
t l

iq
ui

ds
 b

oi
l (

ch
an

ge
 L

.1
ga

s)
 a

t d
if

fe
re

nt
te

m
pe

ra
tu

re
s.

jle
ae

gt
s,

 a
re

 p
ur

e 
fo

rm
s 

of
 m

at
er

ia
ls

 th
at

 c
an

no
t b

e
fu

rt
he

r 
su

bd
iv

id
ed

 in
to

 s
im

pl
er

 s
ub

st
an

ce
s

by
 o

rd
in

ar
y

ch
em

ic
al

 m
et

he
is

e

7.
 g

um
 is

 a
ta

rp
s 

ot
 a

ug
er

.
8.

 k
in

 m
at

er
ia

l; 
ar

e 
co

ns
id

er
ed

 to
 b

e 
ch

em
ic

al
ly

 in
ac

tiv
e

S3
or

N
uc

le
ar

Sc
i 1

2
01

11
11

01
00

11
11

.

41
I I' 2



T
A
M

um
(
C
e
a
t
i
n
n
e
d
)

L
um

at
ia

lk
us

id
at

:

1
6
2
.

W
I
L
A
m
m
t

A
u
t
o
m
a
t
i
o
n
s
.

I
l
m
o
l
e
e
r

S
.
 
g
u
m
 
i
s
 
s
o
l
u
b
l
e
 
i
n
 
w
a
t
e
r
.

1
0
.
 
A
 
A
g
i
n
 
s
o
l
u
t
i
o
n
 
i
s
 
a
 
m
i
x
t
u
r
e
 
o
f
 
s
a
l
t
 
a
n
d
 
w
a
t
e
r
.

S
u
b
 
T
o
t
a
l

co
in

=
 s

cu
m

=
1
.
 
C
o
m
p
u
t
e
r
 
p
r
o
g
r
a
m
:
4
n
s
 
c
o
s
s
i
s
t
a
 
o
f
 
&
w
i
p
i
n
g
 
o
r
 
s
e
t
t
i
n
g

u
p
 
t
h
e
 
a
c
 
t
r
o
m
i
c
 
c
i
r
c
u
i
t
s
 
o
f
 
a
 
c
o
m
p
u
t
e
r
 
a
n
d
 
d
e
t
e
r
m
i
n
i
n
g

t
h
e
i
r
 
o
r
d
e
r
 
o
f
 
o
p
e
r
a
t
i
o
n
 
t
o
 
e
n
a
b
l
e
 
t
h
e
c
o
m
p
u
t
e
r
 
t
o

a
u
t
o
m
p
t
i
c
a
l
4
 
p
e
r
f
o
r
m
 
v
a
r
i
o
u
s
 
m
a
t
h
a
n
t
i
c
a
l
 
o
p
e
r
a
t
i
o
n
s
.

S
u
b
 
T
o
t
a
l

V
I
*
 
I
N
G
I
N
U
R
I
N
G

V
I
I
I
.

1
.
 
S
i
m
u
l
a
t
e
d
r
e
m
g
e
w
 
s
h
o
t
s
 
c
a
n
 
b
e
 
p
e
r
f
o
r
m
e
d
 
(
w
i
t
h
o
u
t

a
c
t
u
a
l
l
y
 
f
i
r
i
m
s
 
t
h
e
 
r
o
c
k
e
t
)
 
b
y
 
f
e
e
d
i
m
g
,
p
r
e
d
a
t
e
r
m
i
n
e
d

i
n
f
o
r
m
e
t
i
o
m
 
o
f
 
t
h
e
 
p
s
e
u
d
o
 
f
l
i
g
h
t
 
i
n
t
o
 
c
o
n
t
r
o
l
 
a
i
d

c
o
m
p
u
t
e
r
 
d
e
v
i
s
e
e
.

S
u
b
 
T
o
t
a
l

1
.
 
G
e
o
l
o
g
i
c
a
l
 
c
o
m
p
o
s
i
t
i
o
n
 
o
f
 
o
c
e
a
n
 
f
l
o
o
r
s
 
r
e
f
e
r
s
t
o

t
h
e
 
t
y
p
e
 
a
n
d
 
a
r
r
a
n
g
m
e
m
a
t
 
o
f
 
m
a
t
e
r
i
a
l
s
 
t
h
a
t
 
f
o
r
a

t
h
e
 
o
c
e
a
n
 
f
l
o
o
r
s
.

S
u
b
 
T
o
t
a
l

3 1



IX
.

O
C

X
00

01
11

11
1

D
sc

oa
pr

es
si

sa
 is

 th
e 

pr
oc

es
s 

of
 s

lo
w

ly
 lo

w
er

in
g 

th
e

ai
r 

pr
im

er
-e

 w
ith

in
 th

e 
bo

dy
 o

f 
a 

de
ep

se
a 

di
ve

r
fr

o.
 th

e
A

cc
es

se
d 

w
ad

er
w

at
er

 b
re

at
hi

ng
m

um
* 

to
no

rm
al

 a
ta

os
pi

se
ri

e
pc

eo
su

ro
.

/A
m

 f
lu

x 
(C

on
tin

ua
l)

T
IC

S
Su

b 
T

ot
al

A
X

le
ct

ri
ci

ty

1.
 A

s 
el

ec
tr

ic
m

ul
l c

aw
 b

e 
in

du
ce

d 
is

 a
 c

oi
l o

f
w

ir
e 

lo
y 

a 
aw

in
g 

as
ga

et
ic

 f
ie

ld
ou

rr
oa

nd
in

g 
or

ne
ar

 r
ho

 c
oi

l.

A
ut

oa
st

io
a-

16
3.

*o
ch

er

2.
 F

re
av

os
aw

y,
 r

ef
er

s 
to

 a
 a

m
be

r 
o*

 c
yc

le
s

or
 c

ou
pl

et
*

vi
br

at
io

as
 p

er
 s

ec
on

d.

fl
ow

in
g 

w
at

er
.

re
fe

rs
 to

 e
le

ct
ri

ci
ty

 p
ro

du
ce

d
pe

w
ee

. o
f 

fa
lli

ng
 o

r 
ra

pi
dl

y

lie
 m

aj
or

 f
lif

fe
re

ac
e 

be
t:n

ew
s

lig
ht

 J
ai

 n
ab

is
 th

e 
le

ng
th

 o
f 

th
e 

w
av

e.
L

ig
ht

 w
av

es
 a

re
 a

rc
h

sh
or

te
r 

th
en

 r
ad

io
 w

in
os

.

3.
 A

 ig
ag

sz
sl

a 
is

 a
 a

ill
io

a
cy

cl
es

.

6.
 M

am
a 

re
fe

r 
to

 th
at

pa
rt

 o
f 

th
o 

eL
ec

tr
o

au
sp

st
ic

sp
ec

tr
a"

 b
et

im
es

 r
ad

io
 w

s
sa

d 
vi

si
bl

e
tig

ht
 w

av
es

.

1



T
M

=
 M

it 
(C

on
tin

ue
d)

U
su

ss
ia

lta
in

al
st

u

7.
 ig

at
im

it 
ra

di
at

io
n 

re
fe

rs
to

 th
at

 p
ar

t o
f 

th
e

el
ec

tr
om

ag
ne

tic
 s

pe
ct

ru
m

 o
f 

hi
gh

 f
re

qu
en

cy
 a

nd
sh

or
t w

av
e 

le
ng

th
.

8.
 W

an
t a

re
 h

ig
hl

y 
re

fi
ne

d
w

at
er

 w
he

el
s.

Su
b 

T
ot

al

M
ec

ha
ni

cs

1.
 .6

12
73

aS
t i

s 
th

e 
up

w
ar

d 
fo

rc
e 

ex
er

te
d

on
 a

 b
od

y
im

m
er

se
d 

or
 f

lo
at

in
g 

in
 a

 f
lu

id
.

2.
 9

01
ja

sa
 f

or
ce

 c
au

se
s

an
 o

bj
ec

t t
o 

tr
av

el
 in

ci
rc

ul
ar

 p
at

h.

3.
 A

tm
os

ph
er

ic
 I

ng
o 

w
hi

ch
 d

ec
re

as
es

 th
e

no
tio

n 
of

ob
je

ct
s 

L
a 

th
e 

ai
r,

 d
oe

s 
no

t e
xi

st
 is

sp
ec

s.

So
bs

 s
ag

a 
an

d/
or

 c
on

tr
ac

t (
ta

ke
up

 m
or

e 
or

le
as

 s
pe

c*
 w

ith
 th

e
sa

ss
 a

m
ou

nt
 o

f 
m

as
s)

 w
ith

du
m

m
ie

s 
in

 to

St
ic

k 
an

d 
ru

dd
er

 c
on

tr
ol

s 
af

fe
ct

 th
e

A
lig

ht
 o

f
as

 a
ir

pl
an

e 
th

ro
ug

h 
ch

an
ge

s 
la

 th
e 

ve
lo

ci
ty

 a
nd

th
er

ef
or

e 
th

e 
pr

es
su

re
 a

nd
 th

us
,

ar
e 

us
el

es
s 

in
ap

ac
e 

or
 w

he
re

ve
r 

th
e 

ai
r 

pr
es

su
re

 is
 lo

w
.

6.
 A

 c
on

st
an

t k
m

, p
ro

du
ce

s
co

ns
ta

nt
 a

cc
el

er
at

io
n.

74
as

zt
at

je
sa

 f
ie

ld
 is

 a
n

ar
ea

 s
ur

ro
un

di
ng

 a
n

*p
oe

t i
n 

*k
id

s 
th

at
 o

bj
ec

ts
m

as
s 

at
tr

ac
ts

 o
r

ex
er

ts
 s

 f
or

ce
 u

po
n 

th
e 

m
as

s 
of

 o
th

er
 o

bj
ec

ts
w

ith
in

 th
e 

fi
el

d.

1 1

16
4.

ilu
iri

m
ili

lli
es

00
01

11
11

,1
ftl

im
m

ilu
si

llt
iO

N
N

IO
N

O
N

O
N

N
O

O
P

IN
S

IO
N

M
IM

M
I.

M
aj

or
 n

ap
e

A
ut

om
at

io
n

N
uc

le
ar

ks
sz

j..
.W

.te
di

c

1 7



T
A

D
II

I 
{C

on
tin

ue
d)

6

It
Pr

iV
IP

#4
f0

01
43

0.
A
u
 
t

t
l
o
n
N
a
l
m
i
h
m
e
t

N
uc

le
ar

S
p
a
c
e
 
C
Y
b
a
r
d
e
t
i
c
e

S
c
i
e
n
c
e

S
a
c
r
a

In
er

tia
 is

 th
at

 p
ro

pe
rt

y 
of

 n
at

te
r 

w
hi

ch
 d

et
er

m
in

es
its

 te
nd

en
cy

 to
 m

ai
nt

ai
n 

its
 p

re
se

nt
 s

ta
te

 o
f 

no
tio

n.

fl
ui

ds
 n

ay
 p

us
 th

ro
ug

h 
se

m
ib

ra
ne

s 
be

ca
us

e 
of

 d
if

fe
re

nt
pr

es
su

re
s 

on
 e

ith
er

 s
id

im
m

or
M

T
m

es
br

an
e.

 M
ae

cu
le

s
of

 th
e 

fl
ui

d 
ar

e 
fo

rc
ed

 th
rc

ug
h 

tin
y 

op
en

in
gs

 in
t
h
e

m
e
m
b
r
a
n
e
 
b
y
 
t
h
e
 
u
n
b
a
l
a
n
c
e
d

pr
es

su
re

s.

10
. M

ob
&

 th
e 

pr
od

uc
t o

f 
a 

aw
in

g 
ob

je
ct

**
m

as
s 

an
d

el
oc

ity
, i

s 
al

w
ay

e 
co

ns
er

ve
d.

D
is

t ,
e4

s 
ca

m
 b

e 
pr

ec
is

el
y 

do
te

 w
is

ed
 th

ro
ug

h 
th

e
:s

ee
of

1,
_4

01
. b

y 
m

ea
su

ri
ng

 th
e 

tin
e 

be
tw

ee
n 

th
e 

se
ed

in
g 

of
 a

ra
da

r 
be

an
 a

nd
 th

e 
re

ce
iv

in
g 

of
 th

e 
re

fl
ec

te
d 

be
an

,
T

he
 s

pe
ed

 o
f 

a 
ra

da
r 

be
an

 is
 b

ro
w

n 
an

d 
th

e 
tin

e 
in

te
r

va
I 

ca
n 

be
 r

el
at

ed
 to

 th
e 

di
at

om
* 

th
e 

be
am

 tr
av

el
ed

.

Fo
r 

ev
er

y
a
c
t
i
o
n
 
t
h
e
r
e
 
i
s
 
a
u
 
o
p
p
o
s
i
t
e
,

e
q
u
a
l
 
j
a
w
:
c
l
o
p
.

T
h
u
s
 
a
s
a
s
 
'
p
a
r
t
i
e
s
 
o
u
t
 
o
f
 
s
t
e
e
r
i
n
g
 
j
e
t
s
 
v
i
l
l
 
e
x
e
r
t

a
n
 
e
q
u
a
l
 
a
n
d
 
o
p
p
o
s
i
t
e
 
f
o
r
c
e
 
o
n
 
t
h
e
s
p
a
c
e
 
c
r
a
f
t
 
a
n
d

c
a
u
s
e
 
i
t

to
 w

ov
e 

aw
ay

 f
ro

m
 th

e 
di

re
ct

io
n 

of
 th

e
ga

s
fl

ow

la
m

m
 r

ef
er

s 
to

 s
ou

nd
 w

av
es

 w
hi

ch
 a

re
 e

m
itt

ed
 w

ad
er

s'
ut

te
r.

T
he

 s
ou

nd
 w

av
es

 b
ou

nc
e 

of
f 

un
de

rw
at

er
 a

m
ju

ts
 a

nd
 c

an
 b

e 
us

ed
 s

om
ew

ha
t l

ik
e 

ra
da

r 
in

 d
et

er
-

m
in

in
g 

th
e 

de
pt

h 
an

d 
su

rf
ac

e 
st

ru
ct

ur
e 

of
 s

ea
 b

ed
s

or
 o

ce
an

 f
lo

or
s.

T
he

 s
ia

je
ct

op
 o

f 
a

sp
ac

e 
cr

af
t i

s 
th

e 
pa

th
 w

hi
ch

it 
fo

llo
w

s.
Su

b 
T

ot
al

01
11

10
11

*

4



nu
as

eg
la

cb
el

sk
tu

a
n
d
 
A
t
o
m
i
c
 
b
u
m

T
I
S
L
i
 
V
I
I
I
 
(
C
o
n
t
i
n
u
e
d
)

A
 
d
o
,
N
p
e
t
e
r
 
i
s
 
a
 
d
e
v
i
c
e
 
u
s
e
d
 
t
o
 
m
e
a
s
u
r
e
 
t
h
e
 
a
m
o
u
n
t

o
f
 
r
a
d
i
a
t
i
o
n
 
r
e
c
e
i
v
e
d
 
f
r
o
m
 
a
 
r
a
d
i
o
a
c
t
i
v
e
 
s
o
u
r
c
e
.

2
#
 
Z
o
o
m
 
c
a
n
 
b
e
 
t
r
a
n
s
f
o
r
m
e
d
 
i
n
t
o
 
m
a
t
t
e
r
.

3
 
A
m
m
o
 
e
x
h
i
b
i
t
 
a
 
w
a
v
e
 
f
o
r
a
 
a
n
d
 
a
 
s
p
e
c
i
f
i
c
 
w
a
v
e

l
e
n
g
t
h
.

A
,
 
M
 
4
.
 
e
'

i
s
 
a
 
f
o
r
m
a
 
a
n
 
c
l
a
s
i
a
t
 
w
h
i
c
h
 
d
i
f
f
e
r
s

i
n
 
a

L
 
w
e
i
g
h
t
 
f
r
o
m
 
o
t
h
e
r
 
f
o
r
m
s
 
o
f
 
t
h
e

s
a
m
e

e
l
e
m
e
n
t

5
.
 
N
e
u
t
r
o
n
 
b
o
m
b
a
r
d
m
e
m
t
 
c
o
n
s
i
s
t
s
 
o
f
 
b
o
m
b
a
r
d
i
n
g
 
a

m
a
t
e
r
i
a
l
 
w
i
t
h
 
n
e
u
t
r
o
m
e
 
e
m
i
t
t
e
d
 
f
r
o
m
 
a
 
r
a
d
i
o

a
c
t
i
v
e
 
s
o
u
r
c
e
.

S
o
m
e
 
o
f
 
t
h
e
 
n
e
u
t
r
o
n
s
 
p
a
s
s
 
t
h
r
o
u
g
h

t
h
e
 
m
a
t
e
r
i
e
l
.
 
°
t
i
m
e
s
 
a
r
e
 
t
r
a
p
p
e
d
 
a
n
d
 
a
d
d
e
d
 
t
o
 
t
h
e

n
u
c
l
e
u
s
 
o
f
 
a
m
 
s
t
o
n
e
r
 
o
t
h
e
r
w
i
s
e
 
r
e
a
c
t
 
w
i
t
h
 
t
h
e

a
t
o
m
 
t
o
 
m
e
k
e
 
i
t
 
r
a
d
i
o
a
c
t
i
v
e
.

6
M

at
hs

o
f

i
n
c
l
u
d
e
 
c
h
a
n
g
e
s
 
i
n
 
t
h
e
 
s
t
r
u
c
t
u
r
e

o
f
 
n
o
t
a
r
i
a
l
,
 
m
o
d
 
t
h
e
 
l
i
b
e
r
a
t
i
o
n
 
o
f
 
h
e
a
t
.

I
t
 
c
a
n

e
f
f
e
c
t
 
e
l
e
c
t
r
o
m
i
c
 
c
i
r
c
u
i
t
s
 
a
n
d
 
d
a
m
e
s
*

s
p
e
c
*
 
c
r
a
f
t

i
n
s
t
r
u
m
e
o
t
s
.

R
a
d
i
o
a
c
t
i
v
e
 
m
a
t
e
r
i
a
l
s
 
e
m
i
t
 
p
a
r
t
i
c
l
e
s
 
a
n
d
f
o
r
t
o
w
.

6
.
 
A
 
n
u
c
l
e
a
r
 
r
e
a
c
t
o
r
,
 
i
s
 
a
 
d
e
v
i
c
e
 
w
h
i
c
h
 
u
s
e
s
 
r
a
d
i
o

a
c
t
i
v
e
 
f
u
e
l
 
a
n
d
 
p
r
o
d
u
c
e
s
 
e
n
e
r
g
y
 
t
h
r
o
u
g
h
 
n
u
c
l
e
a
r

r
e
a
c
t
i
o
n
s
.

2

A
u
t
a
i
n
t
i
o
u
m
W
a
l
L
i
b
i
l
l
a

1
6
6
. e
a
r

1



1
6
7
.

M
L
R
 
U
U
I
 
(
C
o
s
t
i
m
e
e
d
)

IM
ar

as
al

id
al

es
di

ai
t

9
.

m
o
i
s
t
 
o
f
 
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
 
r
a
d
i
a
t
i
v
e
&

a
n
d

p
a
r
t
i
c
l
e
s
 
*
s
i
c
k
 
c
a
m
 
s
t
r
i
k
e
 
a

s
p
a
c
e

c
r
a
f
t
 
m
a
d
 
g
r
a
d
u
a
l
l
y
 
r
a
h
 
i
t
 
t
i
f
f
 
i
t
s
 
D
e
r
m
a
l

p
a
t
h
.

A
u
t
o
m
a
t
 
o
n
-

I
l
u
c
l
o
e
r

41
11

11
11

M
O

S
u
b
 
T
o
t
a
l

4
l

3
1



Table BEM imetales a listing of t individual science concepts

sad primeiplos Oat aro preroquiatte to reeding the articles* The

=wept. ars classified aocomang to traditional scions. di/airlifts*

Aammery of these data appears in Teel. *TV *here the grew

queasy of occurreace of a gime cosoept is classified accordieg

to sajar theme aid awarding to the traditional disciplines of

/cloaca and technology

1) Anthropology

2) Astronomy

3) Biology

4) Chemistry

5) Computer Solent*

6) gaginsering

7) Geology

1) Meteorology

OctismairsiY

10) Physics

TABU XXIV

Amber of 1taws of frerequisite reowledge Classified by
Academic Discipline and by Major Theme of

the Megasino Article

Cybernetics Scions inorgy eine Total

Anthropology
A-tromag
Biology
Chemistry
Computer Seism.
Ihigimeerimg
Geology
16stessology

nnifii

2
2
2

I

2
34
3

0
4

154 190
6 11

1
1
1
a

162 243



There are 243 (fable 3111N) items of knowledge in and of sc

prerequisite to reading the 92 scientifically and/or technologic

cell, oriented articles found in a temple of popular =assizes.

111112.",.;,

The it of prerequisite knowledge for the ten articles

with the theme Spice Isms mainly from physic. (15 of 22 items) with

the remaining isolated items from astronomy, biology, chemistry,

And snalumiTinS

t Ion-ajelt,....2ftemtimis

The foor articles with this theme had only one item of pees.

requisite knowledge and this came from the votomputer sciences.

Wane*

The 23 articles with the theme Scien:e required 53 item* of

pq -squint* knowledge from the disciplines of biology* physics,

Ametstry, astronomy* geology, ark oceanography in that order;

the greatest number came from biology (34 of 53) followed by

physics (12 of 53).

The two articles within the theme Nuclear Xuergy had five

it of prerequisite knowledge all of which came from physics.

liedculat

The 53 *Wass with the theme lIedicint. had 162 itean of Imo-,

requilato knowledge, 154 of which were from the discipline biology.

Although the fled4otn1 articles make up 53.7 7er cent of the total

number of articles they required 66.7 per cent of the items of

prerequisite knowledge 46 4 SI, per cent of the items of prerequisite



re

here.

Ida
The ***me demand in tame of items of prerequisite knovisdie

article is 2.6. The greatest demand is placed on biological
ledge which maim up 78.2 par cent 0 the items followed by

lacer which makes up 14 per cent of the total.. 'rho number of

tams of prerequisite knowledge per article ranges street 3.1 for
Medicine to 245 for Nuclear Energy to 2.3 for Science to 202 for
Spot:. to --25 for Automation Cybernetics

ins tud

The sample of 157 daily and 57 Sunday issues of 22 capitol
city newspapers included a total of 414 scientifically and/or

technologically oriented articles. The staple of six monthly

issues of sight national magazines yielded 92 scientifically and/or

technologically oriented artiass. Within the limits of varia-
bility reported in these studies it can be concluied that both

the nesapapers and magazines carried. approximately 2 articles per
issue which ware oriented toward science and/or technology.

In examining the major themes of the articles it was found
that the major portion were concerned teith Medicine. For the

newspapers, 38 per cent of-all, the articles were classified Hid/eine
while 5706 per cent of thei magazine articles wire* so classified.

Tn both studies the major theme Science was second in frequency

of appearance occounting for 33 per cent of the newspaper articles

170*

the biological disciplines. lbeeet wore only

two physics item* of prerequisite knowledge found

4Ib



171

and 21 per cent of the sagatine articles. me percentage of Space

oriented articles *Peering in the newspapers accounted for 22.3

per cant of the total which is sore than twice the percentage of
the Space oriented asissine articles.

It is obvious that of all the crass of science end technology,

aedically oriented subjects receive the greatest coverage. Such
topics account for more than onewhalf of the sepsis* articles and
*boost tworfifths of the newspaper articles.

When the classification science, technology or both was ler
posed upon the newspaper articles it was found that 76 per Gent

were classified technology, 17 per cent science, and sight per

cent beta science and technology. Articles concerned with science
exclusive of technology were found only within the major theme

Science where onsifthelf were oriented toward science alone.

similar but less pronowwed emphasis on technology also

existed in the magssine articles Awe more then onefthalf of the
articles were based on technology, 27 per cent combined science
and technology, and le per cent were dovetail fo,scizame

Clearly, the major emphisis in scientific and/or technologically
oriented articles in newspapers and magasices is on tf,t1timiagy and

technological applications of implications of scions. Loss than
onefifth of the newspaper dad siegamine articles discussed act-
once as n activity separate from technology.

Of the 414 newspaper articles included in this study, 100

or less than one-fourth contained social implications of science
or technology Cor citisens or their elected officials. The pro-

a
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portion of articles containing social implications remained about

one out of four in the daily as well as the Sunday editions. Social

implications were sore frequent lathe megasine articles occuring

in 44 of the 92 articles.

When the nature of the social implications in the nimapapory

was described by one or more statements and these statements ware

classified as science, technology, or both, it was found that the

Social implications of science were infrequently discussed, whereas

the social implications of technology were frequently discussed and

accounted for sore than 86 per cent of the statements.

When the nature of the social implications contained in the

magesine articles was examined it was found that soars than *ne

half of the descriptive statements were related to social impli-
cs

cations of technology, and only about 01 per cent emphasised the

social 'Aplication of science.

A comparison of the proportional distribution of the umber

of items of social, political and economic concern within and

among the major them* classifications revealed that political

concerns were emphasised in Space articles, social concerns in the

articles classified Nuncios and economic concerns in the articles

classified Science.

Xeowli4se im and of science prerequisite to reading the arti-

cles averaged about 2 items per article for the newspapers and

2.6 items per article for the magesines. The greatest demand for

prerequisite knowledge occurred in articles classified Medicine

and the greatest proportion of item of 9rerequisite knowledge were

from the biological edemas. In terms of numbers of items of pre.

requisite knowtedle the disciplines of physics and astronomy ranked

second and third respectively.
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APPENDIX C

Listing of Newspapers
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Daily Oklahoman (Oklahoma city* Oklahoma)
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APPENDIX D

Listing of Magazines
With x964 Circulation Tigures

Ines

Life (14014,) 7,156,487
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Residers Dtgut 140523,142

god Book 3,699,457

Saturday Evening rest 6,589,050

Time domestic *14 foregn)

zeaLc nor

3,628,224

Laitos &Ala ,;ournia 6 6779673

McCall* 8.$220$79S

*Eueed on tauLotion figures published by No We Ayer and Sons
Directory *15 Nevapapar ax .d Periodicals* 1964 ado


